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Mr. Jay Stewart 

Environmental Manager 

BAE Systems, Ordnance Systems, Inc. 

Radford Army Ammunition Plant 

4050 Pepper’s Ferry Road 

Radford, Virginia 24141 

 

Re:  Radford Army Ammunition Plant, Radford, VA  

EPA ID No. VA1210020730, Extension Request for Renewal Application for 

Reissuance of Facility’s Open Burning Grounds Permit 

 

Dear Mr. Stewart:  

 

The DEQ received your request for a 120 day extension for the Radford Army Ammunition 

Plant’s (RAAP) submission of the renewal application for the Open Burning Grounds (OBG) 

Permit, dated March 2, 2015, via electronic mail on March 9, 2015. As detailed in your request 

letter, the extension is being requested to allow for additional time to complete the OBG renewal 

permit application. The extension request is in addition to  the already approved 60 day 

extension, which revised the application submittal to a deadline of June 29, 2015, which was 

granted in a letter transmitted via electronic mail on February 4, 2015 in order to address issues 

raised in the Notice of Deficiency for the Energetic Waste Incinerator permit application that are 

applicable to the OBG as well. While RAAP has requested a 120 day extension for the 

application deadline, to extend the application submittal deadline to October 28, 2015, the DEQ 

has determined that an extension of this length is not warranted at this time based on the 

justification provided.  

 

As a result the current deadline for RAAP’s submission of the OBG renewal permit application 

will remain June 29, 2015. However, as specified in the previous 60 day extension approval 

letter, dated February 4, 2015, RAAP may submit an additional extension request with proper 

justification for review by DEQ prior to the expiration of the current deadline.  

 

 



Mr. Jay Stewart 
March 12, 2015 
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Additionally your extension request letter detailed that RAAP had not received contact 
information for another RCRA OB/OD permitted facility which has since ceased their OB/OD 
operations from DEQ yet. The contact information was transmitted twice via electronic mail on 
September 29, 2014, included in the second listed item, and again on December 18, 2914. A 
copy of these email transmittals has been attached to this letter for your reference. If you have 
any questions regarding this letter please contact me at (804) 698-4467 or by e-mail at 
Ashby.Scott@deq.virginia.gov. 

Sincerely, 

Mr. Ashby Scott 
Title V Coordinator 
Office of Waste Permitting and Compliance 

Attachments: 

Archived Electronic Mail Transmittal to Mr. Jay Stewart dated, September 29, 2014 
Archived Electronic Mail Transmittal to Mr. Rob Davie dated, December 18, 2014 

cc: 	Central Hazardous Waste Files 
Andrea Barbieri, EPA, Region III (3LC50) 
Aziz Farahmand, DEQ, Blue Ridge Regional Office 
Leslie Romanchik, Russ McAvoy, Jutta Schneider, Kurt Kochan, DEQ, CO 

Jim McKenna, Radford Army Ammunition Plant 



Archived: Monday, March 09, 2015 3:50:16 PM
From: Scott, Ashby (DEQ)
Sent: Monday, September 29, 2014 2:06:00 PM
To: 'Stewart, Jay (US SSA)'
Cc: 'McKenna, Jim'; McAvoy, Russell (DEQ); Farahmand, Aziz (DEQ); Schneider, Jutta (DEQ);
Kochan, Kurt (DEQ); 'michele.gehring@coterie-env.com'; 'Mike Lawless (mlawless@daa.com)';
'Janet Frazier (jfrazier@daa.com)'; 'barbieri.andrea@epa.gov'; 'Alberts, Matt (US SSA)';
Romanchik, Leslie (DEQ); Iyer, Sonal (DEQ); Williams, Justin (DEQ)
Subject: Radford Army Ammunition Plant (VA1210020730) OB/OD Permit Call-in - September
25th Conference Call
Importance: Normal
Attachments: Section_O.doc ;Section_N.doc ;Section_M.doc ;Section_J_K_L.doc
;Section_I.doc ;Section_H.doc ;Section_G.doc ;Section_F.doc ;Section_E.doc
;Section_D.doc ;Section_C.doc ;Checklist.docx ;Subpart_X_Miscellaneous_Units.pdf
;Section_A_B.doc ;Aurell EFs from Aerial and Ground es402101k.pdf ;Aurell Military
Waste online ver es303131k.pdf ;Aurell, Gullett, et al Chemosphere 85, 806-811, 2011.pdf ;

___________________________________

Mr. Stewart,

As a follow up to our conference call on September 25th regarding the RCRA permit for
the open burning grounds at your facility the following information in included to answer
the questions that were brought up during the call.

1. The permitting checklists have been attached to this email for your reference. One
checklist is a generalized version for RCRA facilities, the second checklist is specific to
Subpart X miscellaneous units.

2. The contact information for the facility which intends to close an open
burning/open detonation ground and ship their energetic wastes off-site to be treated is
Mr. Tim Holden, Environmental Safety Manager, Aerojet – Virginia Operations, Phone
#: 540-854-2037, Email : tim.holden@aerojet.com. Please contact Mr. Holden with any
questions you have regarding off-site treatment of their waste stream and any analysis
which was done regarding on-site versus off-site treatment.

3. The contact information for the EPA monitoring program for OB/OD sites is Mr.
Brian K. Gullett, Ph.D, US EPA Office of Research and Development National Risk
Management Research Laboratory, Phone: 919-541-1534, Email:
gullett.brian@epa.gov. Please contact Mr. Gullett for information about the OB/OD
monitoring program and how RAAP may participate. Attached are copies of the
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CHECKLIST FOR REVIEW OF FEDERAL RCRA PERMIT APPLICATIONS



SECTION O.   SUBPART CC AIR EMISSION STANDARDS











Section and

Requirement



Federal

Regulation



Review

Considerationa



Location in Applicationb

See Attached 
Comment

Numberc

O-1	Standards Apply to All Facilities That 
Treat, Store, or Dispose of Hazardous 
Waste in Tanks, Surface Impoundments, 
or Containers Subject to 264, Subparts 
I, J, or K, Except as Provided Otherwise

270.14(a); 
270.27; 
264.1080  (a) - 
(d)

Exclusions from 264.1080(a) are listed at 
264.1080(b) (e.g., a container that has a design 
capacity less than or equal to 0.1 cubic meters [m3]).





O-2	Following is a List of Units that are 
Exempt from the 264.1084-264.1087 
Standards:

270.14(a); 
270.27; 
264.1082(c)







O-2a	A Tank, Surface Impoundment, or 
Container for Which All Hazardous 
Waste Entering the Unit Has an Average 
Volatile Organic Concentration at the 
Point of Waste Origination of less than 
500 Parts per Million by Weight 
(ppmw)

270.14(a); 
270.27; 
264.1082(c)(1)

Waste determination procedures are specified at 
264.1083.





O-2b	A Tank, Surface Impoundment, or 
Container for Which the Organic 
Content of all the Hazardous Waste 
Entering the Waste Management Unit 
has been Reduced by an Organic 
Destruction or Removal Process that 
Achieves Specified Criteria

270.14(a); 
270.27; 
264.1082(c)(2)

Waste determination procedures are specified at 
265.1084(b)(2)-(b)(9).





O-2c	A Tank Used for Biological Treatment of 
Hazardous Waste that Destroys or 
Degrades the Organics Contained in the 
Hazardous Waste such that the 
Requirements of 264.1082(c)(2)(iv) 
are Met

270.14(a); 
270.27; 
264.1082(c)(3)

Waste determination procedures are specified at 
264.1083(b) and 264.1083(a).





O-2d	A Tank, Surface Impoundment or 
Container for Which all Hazardous 
Waste Placed in the Unit Meets 
Applicable Organic Concentration Limits 
or has been Treated by Appropriate 
Treatment Technology

270.14(a); 
270.27; 
264.1082(c)(4)

Waste determination procedures are specified at Part 
268.





O-2e	A Tank Located Inside an Enclosure 
Vented to a Control Device that is Used 
for Bulk Feed of Hazardous Waste to a 
Waste Incinerator that Meets Specified 
Criteria

270.14(a); 
270.27; 
264.1082(c)(5)

Design and operation of the control device and 
enclosure shall satisfy Part 61, Subpart FF; 52.741, 
Appendix B; and other conditions as specified.





O-3	Several Waste Determination 
Procedures are Explained in Detail and 
Must be Followed in Order to 
Demonstrate the Various Subpart CC 
Exemptions and/or Control 
Requirements

270.14(a); 
270.27; 
264.1083; 
265.1084

In general, an owner or operator need not undergo 
waste determination procedures unless they are 
pursuing an exemption from the Subpart CC 
regulations.





O-4	Tanks that Satisfy the Conditions at 
264.1084(b)(1)(i-iii) Can Use Tank 
Level 1 or Tank Level 2 Controls.  
Tanks that do not Satisfy Conditions 
Shall Use Tank Level 2 Controls

270.14(a); 
270.27; 
264.1084(b)(1), (2)







O-5a	The Conditions at 264.108(b)(1)(i-iii) 
Provide that Hazardous Waste in the 
Tank Shall:

270.14(a); 
270.27; 
264.1084(b)(1)







O-5a(1)	Have Maximum Organic Vapor Pressure 
Which is less than Maximum Organic 
Vapor Pressure Limit for Tank’s Design 
Capacity Category

270.14(a); 
270.27; 
264.1084(b)(1)

(i)







O-5a(2)	Not be Heated to Temperature Greater 
than Temperature at Which Maximum 
Organic Vapor Pressure of Waste is 
Determined for Purposes of Compliance

270.14(a); 
270.27; 
264.1084(b)(1)

(ii)







O-5a(3)	Not be Treated Using a Waste 
Stabilization Process, as Defined in 
265.1081

270.14(a); 
270.27; 
264.1084(b)(1)

(iii)

A waste stabilization process includes mixing 
hazardous waste with binders or other materials, and 
curing resulting hazardous waste and binder mixture.





O-5b	Maximum Organic Vapor Pressure 
Determination

270.14(a); 
270.27; 
264.1084(c) (1)

Must be determined before first time waste placed in 
tank, and retested whenever changes could cause it to 
increase above the maximum vapor pressure limit 
[264.1084(b)(1)(i)].





O-5b(1)	Tank Level 1.  Owner/Operator Shall 
Equip Tanks with Fixed Roof and 
Closure Devices as Needed

270.14(a); 
270.27; 
264.1084(c)

(2), (3)

Fixed roof/closure devices shall form continuous 
barrier over entire waste in tank; contain no visible 
open spaces between roof section joints or between 
interface of roof edge and tank wall; contain openings 
with closure devices or closed-vent system; and be 
made of suitable materials.





O-5b(2)	Tank Level 2.  Owner/Operator Shall 
Use One of the Following Tanks:

270.14(a); 
270.27; 
264.1084(d)







O-5b(2)(i)	Fixed Roof Tank Equipped with Internal 
Floating Roof

270.27(a)(1); 
264.1084(d)(1) 
(e) 

Internal floating roof shall be designed to float on 
liquid surface, except when supported by leg supports; 
be equipped with continuous seal between tank wall 
and floating roof edge; and meet other design 
specifications.





O-5b(2)(ii)	Tank Equipped with an External 
Floating Roof

270.27(a)(1); 
264.1084(d)(2), (f)

External floating roof shall be designed to float on all 
liquid surface, except when supported by leg supports; 
be equipped with two continuous seals; and meet other 
design specifications.





O-5b(3)	Tank Vented Through Closed-Vent 
System to a Control Device

270.14(a); 
270.27; 
264.1084(d)(3), (g)

Fixed roof/closure devices shall form continuous 
barrier over entire liquid surface; be made of suitable 
materials; and satisfy 264.1087 standards.





O-5c	Pressure Tank

270.14(a); 
270.27; 
264.1084(d)(4), (h)

Tank shall be designed not to bend to atmosphere as 
result of compression of vapor headspace in tank, and 
be equipped with closure devices as needed.





O-5d	Tank Located Inside an Enclosure that is 
Vented Through a Closed-Vent System 
to an Enclosed Combustion Control 
Device

270.14(a); 
270.27; 
264.1084(d)(5), (1)

Tank shall be located in enclosure that is vented 
through closed vent system to enclosed combustion 
device, and enclosure shall be equipped with safety 
devices as needed.





O-5e	Tank Level 1.  Owner/Operator Shall:

270.14(a); 
270.27; 
264.1084(c)

(1),(3)







O-5e(1)	Determine Maximum Organic Vapor 
Pressure for Hazardous Waste Initially 
and Whenever Changes could Cause the 
Vapor Pressure to Increase Above the 
Maximum Organic Vapor Pressure Limit

270.14(a); 
270.27; 
264.1084(c)(1)

Maximum organic vapor pressure shall be determined 
using 264.1083(c) procedures.





O-5e(2)	Ensure that, Whenever Hazardous 
Waste is in Tank, the Fixed Roof is 
Installed with Each Closure Device 
Secured in Closed Position



Exceptions are listed at 264.1084(c)(3)(i-iii).





O-5e(3)	Inspect the Air Emission Control 
Equipment

270.14(a); 
270.27; 
264.1084(c)(4)







O-5f	Tank Level 2.  Owner/Operators Shall 
Adhere to the Following Operating 
Procedures for Each Unit Type:

270.14(a); 
270.27; 
264.1084(e)(i)







O-5f(1)	Fixed Roof Tank Equipped with Internal 
Floating Roof

270.14(a); 
270.27; 
264.1084(e) 
(2),(3)

When floating roof is resting on leg supports, filling, 
emptying, or refilling shall be continuous and 
completed as soon as practical; when roof is floating, 
automatic bleeder vents shall be set closed; and prior 
to filling, openings in roof shall be secured.  Inspect 
the floating roof.





O-5f(2)	Tank Equipped with an External 
Floating Roof

270.14(a); 
270.27; 
264.1084(f)

(2),(3)

When floating roof is resting on leg supports, filling, 
emptying, or refilling shall be continuous and 
completed as soon as practical; when closure device is 
open for access, equipment and devices shall be closed 
and secured as specified; and seals shall provide a 
continuous and complete cover as specified.  Inspect 
the floating roof.





O-5f(3)	Tank Vented Through Closed-Vent 
System to a Control Device

270.14(a); 
270.27; 
264.1084(g)

(2), (3)

When hazardous waste is in tank, fixed roof shall be 
installed with closure devices secured in closed 
position and vapor headspace underneath fixed roof 
vented to control device, except as specified.  Inspect 
and monitor the air emission control equipment.





O-5f(4)	Pressure Tank

270.14(a); 
270.27; 
264.1084(h)

(2), (3)

When hazardous waste is in tank, it shall be operated 
as closed system that does not vent to atmosphere, 
except to avoid an unsafe condition.





O-5f(5)	Tank Located Inside an Enclosure that is 
Vented Through a Closed-Vent System 
to an Enclosed Combustion Control 
Device

270.27(a)(3), 
264.1084(i)



Enclosure shall be operated in accordance with 
52.741, Appendix B, and comply with applicable 
closed-vent requirements.  Safety devices may be 
operated as needed.  Inspect and monitor the system 
and control device.





O-5f(6)	Shall be Conducted Using Continuous 
Hard-Piping or Another Closed System 
that Does Not Allow Exposure of 
Hazardous Waste to Environment

270.14(a); 
270.27; 
264.1084(j)(1)

Requirements do not apply under the conditions 
specified at 264.1084(j)(2).





O-6a	Owner/Operators Shall Install Either of 
the Following Controls:

270.14(a); 
270.27; 
264.1085(b)(d)







O-6a(1)	Floating Membrane Cover

270.27(a)(4); 
264.1085

(b)(1), (c)(1)

Floating membrane cover shall float on liquid surface 
and form continuous barrier over entire liquid; be 
made of synthetic membrane material; contain no 
visible open spaces; and be equipped with closure 
devices and cover drains as needed.





O-6a(2)	Cover That Is Vented Through a 
Closed-Vent System to a Control Device

270.14(a); 
270.27; 
264.1085

(b)(2) and 
(d)(2)

Cover/closure devices shall form continuous barrier 
over entire liquid surface; be equipped with closure 
device; be made of suitable material; and be designed 
in compliance with 264.1087.





O-6b	Owner/Operators Shall Adhere to the 
Following Operating Procedures for 
Each Control Type:

270.14(a); 
270.27; 
264.1085

(c), (d)







O-6b(1)	Floating Membrane Cover

270.14(a); 
270.27; 
264.1085(c)

(2), (3)

When hazardous waste is in surface impoundment, 
floating membrane cover shall float on liquid, and each 
closure device shall be secured in closed position, 
except as specified.  Inspect the cover.





O-6b(2)	Cover that is Vented Through a Closed-Vent System to a Control Device

270.14(a); 
270.27; 
264.1085(d) 
(2), (3)

When hazardous waste is in surface impoundment, 
cover shall be installed with each closure device 
secured in closed position and vapor headspace 
underneath the cover vented to control device, except 
as specified.  Closed-vent system and control device 
shall be operated in accordance with 264.1087. 
Inspect and monitor the control device.





O-7	Shall be Conducted Using Continuous 
Hard-Piping or Another Closed System

270.14(a); 
270.27; 
264.1085(c)

(1)

Requirements do not apply under conditions specified 
at 264.1085(e)(2).





O-8a	Container Level 1 Standards Apply to:

270.14(a); 
270.27; 
264.1086(b)(1)







O-8a(1)	Container with Design Capacity Greater 
than 0.1 m3 and less than or Equal to 
0.46 m3

270.14(a); 
270.27; 
264.1086(b)(1)

(i)







O-8a(2)	Container with Design Capacity Greater 
than 0.46 m3 that is not in Light 
Material Service

270.14(a); 
270.27; 
264.1086(b)(1)

(ii)







O-8ab	Container Level 2 Standards Apply to 
Container with a Design Capacity 
Greater than 0.46 m3 that is in Light 
Material Service

270.14(a); 
270.27; 
264.1086(b)(1)

(iii)







O-8c	Container Level 3 Standards Apply to 
Container with Design Capacity Greater 
than 0.1 m3 that is Used for 
Stabilization

270.14(a); 
270.27; 
264.1086(b)(2)

Level 3 standards apply at those times during waste 
stabilization process when hazardous waste in 
container is exposed to atmosphere.





O-9	Identify Each Container Area Subject to 
Subpart CC

270.27(a)(2)







O-9a	Container Level 1.  A Container Using 
Level 1 Controls is Defined as One of 
the Following:

270.27(a)(2); 
264.1086(c)

(1)







O-9a(1)	Container that Meets Department of 
Transportation Regulations on 
Packaging

270.27(a)(2); 
264.1086(c)

(1)(i),(f)

Container shall meet Part 178 or Part 179 and be 
managed in accordance with Parts 107, 172, 173, 
and 180.





O-9a(2)	Container Equipped with Cover and 
Closure Devices

270.27(a)(2); 
264.1086(c)

(1)(ii),(2)

Container shall be equipped with covers and closure 
devices, as needed.





O-9a(3)	Open-Top Container Equipped with 
Organic-Vapor Suppressing Barrier

270.27(a)(2); 
264.1086(c)

(1)(iii),(2)

Container shall be equipped with covers and closure 
devices, as needed.





O-9b	Container Level 2.  A Container Using 
Level 2 Controls is Defined as One of 
the Following:

270.27(a)(2); 
264.1086

(d)(1)(f),(g)







O-9b(1)	Container that Needs Department of 
Transportation (DOT) Regulations on 
Packaging

270.27(a)(2); 
264.1086(d)(1)

(i),(f)

Containers shall meet Part 178 or Part 179, and be 
managed in accordance with Parts 107, 172, 173, 
and 180.





O-9b(2)	Container that Operates with No 
Detectable Organic Emissions

270.27(a)(2); 
264.1086(d)(1)

(ii),(g)

Owner/operator shall follow the procedures at 
264.1086(g) and 265.1084(d) to determine no 
detectable organic emissions.





O-9b(3)	Container that has been Demonstrated 
Within the Preceding 12 Months to be 
Vapor-Tight

270.27(a)(2); 
264.1086(d)(1)

(iii) and (h)

Owner/operator shall follow procedures at 
264.1086(h) and Part 60, Appendix A, Method 27 to 
demonstrate container is vapor-tight.





O-9c	Container Level 3.  A Container Using 
Level 3 Controls is Defined as One of 
the Following:

270.27(a)(2); 
264.1086(e)

(1), (2)







O-9c(1)	Container that is Vented Directly 
Through a Closed-Vent System to a 
Control Device

270.27(a)(2); 
264.1086(e)

(1)(i)

The closed-vent system and control device shall be 
designed in accordance with 264.1087.  Safety 
devices may be installed as needed.





O-9c(2)	Container that is Vented Inside an 
Enclosure Which is Exhausted Through 
a Closed-Vent System to a Control 
Device

270.27(a)(2); 
270.27(a)(3); 
264.1086(e)

(1)(ii)

The container/enclosure must be designed in 
accordance with 52.741, Appendix B and 264.1087.  
Safety devices may be installed as needed.





O-10a	Container Level 1.  Owner/Operators 
Shall Install Covers and Closure Devices 
for the Container and Secure and 
Maintain Each Closure Device in Closed 
Position, Except as Specified

270.14(a); 
270.27; 
264.1086(c)

(3), (4)

The closure device or cover may be opened for the 
purpose of adding or removing hazardous waste or for 
maintenance or to avoid unsafe conditions.





O-10b	Container Level 2. Owner/Operator 
Shall Install All Covers and Closure 
Devices for the Container and Maintain 
and Secure Each Closure Device in 
Closed Position, Except as Specified

270.14(a); 
270.27; 
264.1086(d)(2),  (3)

Transfer of hazardous waste in or out of container 
shall be conducted in such a manner as to minimize 
exposure to atmosphere, as practical.  The closure 
device or cover may be opened for the purpose of 
adding or removing hazardous waste or for 
maintenance or to avoid unsafe conditions.





O-10c	Container Level 3.  Owner/Operators 
Shall Operate the System in Accordance 
with 52.741, Appendix B; 264.1087; 
and 265.1081, as Needed	

270.14(a); 
270.27; 
264.1086(e)

(3),(4), (5)







O-11a	Standards Apply to Each Closed-Vent 
System and Control Device Used to 
Control Air Emissions under Part 264; 
Subpart CC

270.14(a); 
270.27; 
264.1087(a)







O-11(b)	Closed-Vent Systems Shall:

270.27(a)(5); 
264.1087(b)







O-11b(1)	Route Gases, Vapors, and Fumes to 
Control Device

270.27(a); 
264.1087(b)(1)







O-11b(2)	Be Designed and Operated in 
Accordance with 264.1033(k)

270.27(a); 
264.1087(b)(2)

The Subpart AA standards for closed-vent systems 
must be satisfied.





O-11b(3)	Meet the Requirements for Bypass 
Devices, if Applicable

270.27(a); 
264.1087(b)(3)

Each bypass device shall be equipped with either a 
flow indicator or a seal or locking device.





O-12a	The Control Device Shall be One of the 
Following:

270.27(a)(5); 
264.1087(c)(1)







O-12a(1)	A Control Device Designed and 
Operated to Reduce Total Organic 
Content on Inlet Vapor Stream Vented 
to the Control Device by at Least 95 
Percent by Weight

270.27(a)(5); 
264.1087(c)

(1)(i)

Owner/operator shall demonstrate compliance using 
either performance test or design analysis, except as 
specified.





O-12a(2)	An Enclosed Combustion Device

270.27(a)(5); 
264.1087(c)

(1)(ii)

Owner/operator shall demonstrate compliance using 
either performance test or design analysis, except as 
specified.  Control device shall be designed and 
operated in accordance with 264.1033(c).





O-12a(3)	A Flare

270.27(a)(5); 
264.1087(c)

(1)(iii)

Owner/operator shall demonstrate compliance using 
either performance test or design analysis, except as 
specified.





O-12b	Each Closed-Vent System and Control 
Device Shall Comply with the Operating 
Requirements of 264.1087(c)(2)

270.27(a)(5); 
264.1087(c)

(2)

Planned routine maintenance of control device shall 
not exceed 240 hours per year; system malfunctions 
shall be corrected as soon as practicable; and system 
shall be operated such that gases, vapors, or fumes are 
not actively vented to control device during planned 
maintenance or system malfunction, except as 
specified.





O-12c	A Carbon Adsorption System

270.27(a)(5); 
264.1087(c)

(3)

Carbon replacement and removal shall follow 
prescribed requirements in 264.1033(g), (h), and 
(n).





O-12d	Each Control Device Shall be Operated 
and Maintained in Accordance with 
264.1033(j), Except for Certain 
Devices Identified (e.g., Flare)

270.27(a)(5); 
264.1087(c)

(4)

264.1033(j) requires the owner/operator to prepare 
documentation describing the control device’s 
operation and to identify the process parameter(s) that 
indicate its proper operation and maintenance. 





O-12e	The Owner/Operator Shall Demonstrate 
that a Control Device Achieves the 
Performance Requirements Using a 
Performance Test or Design Analysis, 
Except for Specific Devices Identified 
(e.g., flare)

270.27(a)(5); 
264.1087(c)

(5)

For performance test, owner/operator shall use the 
test specified at 264.103(c).  For design analysis, 
owner/operator shall use an analysis that meets 
requirements specified at 264.1035(b)(4)(iii).  In 
addition, the U.S. Environmental Protection Agency 
(EPA) prescribes unit-specific performance 
demonstration requirements for certain unit types at  
264.1087(c)(5).





O-12f	If Design Analysis is Not Sufficient, then 
a Performance Test is Required

270.27(a)(5); 
264.1087(c) (6)

The EPA regional administrator shall determine if a 
performance test is required to demonstrate control 
device’s performance.  





O-12h	Inspect and Monitor the Control Device

270.27(a)(5); 
264.1087(c) (7)

Control devices shall be inspected and monitored at 
least once a day.





O-13	Each Tank, Surface Impoundment and 
Container Shall be Inspected, 
Monitored, and Repaired in Accordance 
with the 264 Subpart CC Requirements

270.27; 
264.1088

Inspection, monitoring and repair requirements 
specific to each unit are located in the standards 
sections of the regulation 264.1084 through 
264.1087.  Owner/operator shall develop and 
implement written plan and schedule to perform 
inspections and monitoring required.  The plan and 
schedule shall be incorporated into facility’s inspection 
plan.





O-14	Each Owner/Operator Shall Comply 
with the Recordkeeping Requirements 
Specified at 264.1089

270.27; 
264.1089

Except as specified, records shall be maintained in 
facility’s operating record for a minimum of 3 years.  
Various records are required depending on the type of 
unit and control device.





O-14a	Each of the Following Owner/Operators 
Shall Comply with the Reporting 
Requirements at 264.1090:

270.27; 
264.1090







O-14a(1)	Each Owner/Operator Managing 
Hazardous Waste in a Tank, Surface 
Impoundment, or Container Exempted 
from Using Air Emission Controls under 
264.1082(c)

270.27; 
264.1090(a)

Owner/operator shall report to EPA each 
noncompliance identified under 264.1082(c).





O-14a(2)	Each Owner/operator Using Air 
Emission Controls on a Tank in 
Accordance with 264.1084(c)

270.27; 
264.1090(b)

Owner/operator shall report to EPA each 
noncompliance identified under 264.1084(B).





O-14a(3)	Each Owner/operator Using a Control 
Device in Accordance with 264.1087

270.27; 
264.1090

(c),(d)

Owner/operator shall submit semiannual written 
report to EPA, except as specified.





O-14b	Each Owner/Operator shall Provide an 
Emission Monitoring Plan

270.27(a)(6)

Applies to Method 21 and control device monitoring 
methods.





O-14c	Subpart CC Implementation Plan

270.27(a)(7)

Required when facility cannot comply with Subpart CC 
by date of permit issuance.











Notes:



a	Considerations in addition to the requirements presented in the regulations.

b	For each requirement, this column must indicate one of the following: NA for not applicable, IM for information missing, or the exact location of the 
information in the application.

c	If application is deficient in an area, prepare a comment describing the deficiency, attach it to the checklist, and reference the comment in this column.
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CHECKLIST FOR REVIEW OF FEDERAL RCRA PERMIT APPLICATIONS



SECTION N.   SUBPART BB EQUIPMENT LEAKS











Section and

 Requirement



Federal

Regulation



Review

Considerationa



Location in 
Applicationb

See Attached 
Comment 
Numberc

N-1a	Applicability

270.14(a); 
270.25; 
264.1050(b),(d)



Except as otherwise specified, this subpart 
applies to equipment that contains or 
contacts hazardous waste with organic 
concentrations of at least 10 percent by 
weight that are managed in one of the 
following:  if these operations are conducted 
in; a unit subject to the permitting 
requirements of 270; a unit (including a 
hazardous waste recycling unit) that is not 
exempt from permitting under 262.34(a) 
and is located at a hazardous waste 
management facility otherwise subject to 
permitting requirements; and a unit that is 
exempt from permitting under 262.34(a) 
such as a 90-day tank or container. 





N-1b	Definition of Equipment	

270.14(a); 
270.25; 
264.1031; 
264.1051

Examples include: valve, pump, compressor, 
pressure relief device, sampling connection 
system, open-ended valve or line, or flange.





N-1c	Equipment in a Vacuum or Equipment 
that Contains or Contacts Hazardous 
Waste with an Organic Concentration of 
at Least 10 Percent by Weight for a 
Period of Less than 300 Hours per 
Calendar Year is Excluded from 
Requirements at 264.1052 to 
264.1060.

270.14(a); 
270.25; 
264.1050(f)  

Equipment shall be identified in a log in 
facility’s operating record as required by 
264.1064(g) in order to qualify for 
exclusion.





N-2a	Monthly Monitoring for Leaks

270.25(d); 
264.1052(a)

(1)  







N-2b	Visual Inspection for Pump Seal 
Leakage on a Weekly Basis

270.25(d); 
264.1052(a)(2) 







N-2c	Leak Detection

270.25(d); 
264.1052(b); 
264.1063 

Leak detected if:  (1) leak detection 
instrument reads 10,000 parts per million 
(ppm) or greater, or (2) there are indications 
of liquid dripping from the pump seal.





N-2d	Leak Repair as Soon as Practicable

270.25(d); 
264.1052(c); 
264.1059 

Repairs are to be made within 15 calendar 
days after detection.  Repair extensions are 
allowed under conditions specified in 
264.1059.





N-2e	Specific Exceptions to these Standards

270.25(d); 
264.1052(d - f)

Exceptions to these standards are dual 
mechanical seal systems or no detectable 
emissions.





N-3a	Barrier Fluid Pressure Greater than the 
Compressor Stuffing Box Pressure

270.25(d); 
264.1053(b)

(1) 







N-3b	Barrier Fluid System Connected by a 
Closed-Vent System to a Control Device 
as Described in Subpart AA

270.25(d); 
264.1053(b)

(2) 







N-3c	No Detectable Atmospheric Emissions 
of Hazardous Contaminants from the 
Barrier System

270.25(d); 
264.1053(b)

(3) 







N-3d	Sensors Checked Daily or an Audible 
Alarm Checked Monthly

270.25(d); 
264.1053(d - c)







N-3e	Leak Detection

270.25(d); 
264.1053(f) 

A leak is detected if sensor indicates failure 
of:  (1) seal system, or (2) barrier fluid 
system.





N-3f	Leak Repair as Soon as Practicable

270.25(d); 
264.1053(g)

(1); 264.1059 

Repairs are to be made within 15 calendar 
days after detection.  Repair extensions are 
allowed under conditions specified in 
264.1059.





N-3g	Specific Exceptions to these Standards

270.25(d); 
264.1053(h - i)

Exceptions to these standards are certain 
closed vent systems or no detectable 
emissions.





N-4a	Except During Pressure Releases, No 
Pressure Relief Device Shall Release 
Detectable Emissions

270.25(d); 
264.1054(a) 

Emissions shall be less than 500 ppm above 
background levels.





N-4b	Within 5 Calendar Days after a Pressure 
Release, No Detectable Emissions Shall 
Emanate from Pressure Released Device

270.25(d); 
264.1054(b) 

Emissions shall be less than 500 ppm above 
background levels.





N-4c	Specific Exceptions to These Standards

270.25(d); 
264.1054(c) 

Exceptions to these standards are certain 
closed vent systems.





N-5a	Each Sampling Connecting System Shall 
Be Equipped with a Closed-Purge, 
Closed Loop, or Closed-Vent System.  
Closed-Vent Systems and Control 
Devices are also Subject to 264.1033

270.25(d); 
264.1055(a - b); 
264.1060

Each closed-purge, closed-loop, or closed-vent system shall either:  (1) return purged 
process fluid directly to process line, (2) 
collect and recycle purged process liquid, or 
(3) be designed and operated to capture and 
transport all purged process fluid to a waste 
management unit or control device that 
satisfies applicable requirements.





N-5b	Exemption for Qualified Sampling 
Systems

270.25(d); 
264.1055(c)

In situ sampling systems and sampling 
systems without purges are exempt from 
requirements of 264.1055(a),(b).





N-6a	Open-Ended Valve or Line

270.25(d); 
264.1056(a), (c)  


A double block or bleed system must comply 
with the open-ended valve or line 
requirements.





N-6b	Second Valve

270.25(d); 
264.1056(b) 

A second valve shall be operated such that 
primary valve shall be closed before second 
valve is opened.





N-7	Monitoring Schedule Based on 
Detection of Leaks and Predetermined 
Schedule

270.25(d); 
264.1057(a - e)

A reading of 10,000 ppm denotes a detected 
leak.





N-7d	Specific Exceptions to the Monitoring 
Schedule

270.25(d); 
264.0157(f - h); 
264.1061; 
264.1062 

Exceptions to schedule include unsafe-to-monitor valves, no detectable emissions, and 
difficult-to-monitor valves.





N-8a	Monitoring

270.25(d); 
264.1058(a); 
264.1063(b)

Monitoring is required within 5 days after 
leak is found by sight, sound, smell, or other 
detection method.





N-8b	Leak Detection

270.25(d); 
264.1058(b) 

A leak is detected if a leak detection 
instrument reads 10,000 ppm or greater.





N-8c	Leak Repair as Soon as Practicable

270.25(d); 
264.1058(c); 
264.1059

Repairs are to be made within 15 calendar 
days after detection.  The first attempt at 
repair shall be made no later than 5 calendar 
days after each leak is detected.  Repair 
extensions are allowed under conditions 
specified in 264.1059.





N-8d	Any Connector that is Inaccessible or is 
Ceramic or Ceramic-Lined is Exempt 
from the Monitoring Requirements of 
264.1058(a) and 264.1064

270.25(d); 
264.1058(e)

Examples of ceramic-lined connectors include 
porcelain, glass, or glass-lined connectors.





N-9	Specific Allowances for Delay of Repair 
for Various Types of Equipment

270.25(d); 
264.1059







N-10	When Closed-Vent Systems and Control 
Devices are Used, they Must Comply 
with the Requirements in Subpart AA

270.25(e); 
264.1033; 
264.1060 







N-11	An Owner/Operator may Elect to 
Comply with this Alternative Monitoring 
Program

270.25(e); 
264.1061

No greater than 2 percent of the valves are 
allowed to leak per monitoring period.





N-12	An Owner/Operator may Elect to 
Comply with this Alternative Work 
Practice

270.25(e); 
264.1062

Relief of monitoring frequency is allowed if 
less than 2 percent of the valves are leaking.





N-13	Owner Complies with Recordkeeping 
Requirements

270.25(a); 
264.1064

Depending on the type of requirement, 
various records must be maintained in the 
facility operating record.





N-13a	Semiannual Report

270.25(a); 
264.1065

A semiannual report is only required if leaks 
from equipment have gone unrepaired or a 
control device operates outside the design 
specifications.





N-13b	Implementation Schedule

270.25(b)

An implementation schedule shall be 
provided if facility cannot install closed-vent 
system and control device to comply with 
provisions of Part 264, Subpart BB on the 
effective date that facility becomes subject to 
provisions of Parts 264 and 265.





N-13c	Performance Test Plan

270.25(c)

A performance test plan shall be provided if 
the owner/operator applies for permission to 
use a control device for other than a thermal 
vapor incinerator, flare, boiler, process 
heater, condenser, or carbon adsorption 
system and chooses to use test data to 
determine the organic removal efficiency 
achieved by the control device.







Notes:



a	Considerations in addition to the requirements presented in the regulations.

b	For each requirement, this column must indicate one of the following: NA for not applicable, IM for information missing, or the exact location of the information 
in the application.
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c	If application is deficient in an area, prepare a comment describing the deficiency, attach it to the checklist, and reference the comment in this column.
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CHECKLIST FOR REVIEW OF FEDERAL RCRA PERMIT APPLICATIONS



 SECTION M.    SUBPART AA PROCESS VENTS











Section and

 Requirement



Federal 
Regulation



Review

Considerationa



Location in 
Applicationb

See Attached 
Comment 
Numberc

M-1	Definition of Process Vent

270.14(a); 
264.1030; 
264.1031

A process vent is any open-ended pipe or 
stack that is vented to atmosphere either 
directly, through a vacuum-producing 
system, or through a tank.





M-2	Applicability—Process Vents Associated 
with the Following Six Operations that 
Manage Hazardous Waste with Organic 
Concentrations of at Least 10 Parts per 
Million by Weight if these Operations 
are Conducted in; a Unit Subject to the 
Permitting Requirements of 270; a Unit 
(including a Hazardous Waste Recycling 
Unit) that is Not Exempt from 
Permitting Under 262.34(a) and is 
Located at a Hazardous Waste 
Management Facility Otherwise Subject 
to Permitting Requirements; and a Unit 
that is Exempt from Permitting Under 
262.34(a)

270.14(a); 
264.1030(b); 
264.1031

Concentrations should be determined by a 
time-weighted average annually or when 
waste or process changes.





M-2a	Distillation—a Batch or Continuous 
Operation Which Separates One or 
More Feed Stream(s) into Two or More 
Exit Streams, Each Exit Stream Having 
Component Concentrations Different 
from Those in the Feed Stream(s) 

270.24(b)(3); 
264.1030(b); 
264.1031

Include process description.





M-2b	Fractionation—a Distillation Operation 
or Method Used to Separate a Mixture 
of Several Volatile Components of 
Different Boiling Points in Successive 
Stages        

270.24(b)(3); 
264.1030(b); 
264.1031

Include process description.





M-2c	Thin-Film Evaporation—a Distillation 
Operation that Employs a Heating 
Surface Consisting of a Large Diameter 
Tube that May be Either Straight or 
Tapered, Horizontal or Vertical

270.24(b)(3); 
264.1030(b); 
264.1031

Include process description.





M-2d	Solvent Extraction—an Operation or 
Method of Separation in Which a Solid 
or Solution Contacts a Liquid Solvent 
(The Two Being Mutually Insoluble) to 
Preferentially Dissolve and Transfer One 
or More Components into the Solvent

270.24(b)(3); 
264.1030(b); 
264.1031

Include process description.





M-2e	Air Stripping—a Desorption Operation 
Employed to Transfer One or More 
Volatile Components from a Liquid 
Mixture into a Gas (Air) Either with or 
Without the Application of Heat to the 
Liquid

270.24(b)(3); 
264.1030(b);  
264.1031

Include process description.





M-2f	Stream Stripping—a Distillation 
Operation in Which Vaporization of the 
Volatile Constituents of a Liquid Mixture 
Takes Place by the Introduction of 
Steam Directly into the Charge.

270.24(b)(3); 
264.1030(b); 
264.1031

Include process description.





M-3a	Reduce Total Organic Emission below 
1.4 Kilogram per Hour (3 Pounds per 
Hour) and 2.8 Million Grams per Year 
(3.1 Tons per Year), or

270.24(b); 
264.1032(a)

(1),(c)  

Engineering calculations or performance 
tests may be used to determine vent 
emissions and emissions reductions or total 
organic compound concentrations achieved 
by add-on control devices.





M-3b	Reduce Total Organic Emissions of 95 
Percent by Weight with the Use of a 
Control Device

270.24(b); 
264.1032(a)

(2),(b) 

Engineering calculations or performance 
tests may be used to determine vent 
emissions and emissions reductions or total 
organic compound concentrations achieved 
by add-on control devices.





M-3c	Reduce Emissions for Various Control 
Devices with Closed-vent Systems under 
the Following Operational Conditions:

270.24(b); 
264.1032(a - b); 
264.1033

(b - j)

Closed-vent systems are optional devices, 
but shall comply with regulations if they are 
used.





M-3c(1)	Control Device Involving Vapor 
Recovery (Condenser or Adsorber) Shall 
Recover at Least 95 Percent by Weight 
of the Organic Vapors

270.24(b); 
264.1032(a)

(1),(b)

A less than 95 percent recovery is 
permissible if control devices meet emission 
limits set in  264.1032(a)(1).





M-3c(2)	Enclosed Combustion Device (A Vapor 
Incinerator, Boiler, or Process Heater) 
Shall Recover at Least 95 Percent by 
Weight of Organic Emissions

270.24(d); 
264.1033(c)

The device shall achieve 20 parts per million 
by weight or 1/2 second residence time at 
760 EC.





M-3c(3)	A Flare Shall Operate under the 
Following Four Conditions:  (1) No 
Visible Emissions, (2) a Flame Present 
at all Times, (3) an Acceptable Net 
Heating Value, and (4) Appropriate Exit 
Velocity

270.24(d); 
264.1033(d)







M-4	Inspection Readings Shall Be Conducted 
at Least Daily.  Vent Stream Flow 
Information Shall be Provided at Least 
Hourly.

270.24(d); 
264.1033(f)

(1),(3)







M-4a	Continuous Monitoring for the Following 
Control Devices:

270.24(d); 
264.1033(f)(2)







M-4a(1)	Thermal Vapor Incinerator (One 
Temperature Sensor).

270.24(d); 
264.1033(f)(2)(i)

Sensor shall have accuracy of ± 1 percent 
EC or ± 0.5 EC, whichever is greater.





M-4a(2)	Catalytic Vapor Incinerator (Two 
Temperature Sensor)

270.24(d); 
264.1033(f)(2)(i)

Sensor shall have accuracy of ± 1 percent 
EC or ± 0.5 EC, whichever is greater.





M-4a(3)	Flare (Heat Sensing Device)

264.1033(f)(2)(iii)







M-4a(4)	Boiler or Process Heater with Heater 
Input Capacity Equal or Greater than 44 
Megawatts (Recorder Which Indicates 
Good Combustion Practices)

270.24(d); 
264.1033(f)(2)(v)







M-4a(5)	Condenser (Device with Recorder to 
Measure the Concentration of Organic 
Compounds in the Condenser Exhaust 
Vent Stream or Temperature Monitoring 
Device Equipped with Recorder to 
Measure Temperature in the Condenser 
Exhaust Vent Stream)

270.24(d); 
264.1033(f)(2)(vi)

Sensor shall have accuracy of ± 1 percent 
EC or ± 0.5 EC, whichever is greater.





M-4a(6)	Carbon Adsoprtion System (Device to 
Measure Organic Vapors or a Recorder 
that Verifies Predetermined 
Regeneration Cycle)

270.24(d); 
264.1033(f)(2)(vii)







M-4b	Alternate Monitoring of Control Device

270.24(c); 
264.1033(i)

Describe measurement of applicable 
monitoring parameters.





M-4c	Inspection of the Following Control 
Devices:

270.24(d); 
264.1033(g - h)







M-4c(1)	Regenerable Carbon Adsorption System

270.24(d); 
264.1033(g)

Carbon replacement schedule must be 
acceptable.





M-4c(2)	Nonregenerable Carbon Adsoprtion 
System

270.24(d); 
264.1033(h)

Carbon shall be replaced when 
breakthrough is observed or on an 
acceptable schedule.





M-5	Basic Design and Operation









M-5a	The Closed-Vent System Shall be 
Designed to Operate According to 
Either of the Following:

270.24(d); 
264.1033(k)







M-5a(1)	With No Detectable Emissions

270.24(d); 
264.1033(k)(1)

Emissions shall be less than 500 parts per 
million above background.





M-5a(2)	At a Pressure below Atmospheric 
Pressure

270.24(d); 
264.1033(k)(2)

System shall be equipped with at least one 
pressure gauge or other measurement 
device that can be read from a readily 
accessible location to verify negative 
pressure is being maintained in system 
during operation.





M-5b	Owner/operator Shall Monitor and 
Inspect Each System

270.24(d); 
264.1033(1)

The monitoring and inspection shall be 
done:  (1) by date the system is subject to 
regulation, (2) annually, and (3) other times 
requested by the U.S. Environmental 
Protection Agency regional administrator. 
Various inspection and monitoring 
requirements apply depending upon the type 
of closed-vent system employed.  All 
detected defects shall be repaired according 
to the schedule prescribed in 
264.1033(l)(3).





M-5c	Closed-Vent System Shall be Operated 
at all Times When Emissions May be 
Vented to Them.	

270.24(d); 
264.1033(m)







M-5d	Carbon Adsorption System Used to 
Control Air Pollutant Emissions	

270.24(d); 
264.1033(n)

Owner/operator must document that all 
carbon that is a hazardous waste and 
removed from the control device is managed 
in one of these approved manners: 
264.1033(n)(1), (2), or (3).





M-6	Any Components of a Closed-Vent 
System that are Designated as Unsafe to 
Monitor are Exempt from the Monitoring 
Requirements of 1033(l)(1)(i)(B) if 
Certain Conditions are Met.

270.24(d); 
264.1033(o)

Applies to system if its components are 
unsafe to monitor and it adheres to written 
plan that requires monitoring using the 
procedures in 264.1033(l)(1)(ii)(B) as 
frequently as practicable during safe-to-monitor times.





M-7a	Owner/operator Complies with Record 
Keeping Requirements

270.24(d); 
264.1033; 
264.1035

Depending on the type of control devices 
and closed vent systems used, various 
records must be maintained in the facility 
operating record.





M-7b	Semiannual Report is Submitted 
According to Subpart AA Requirements

270.14(a); 
264.1036

A semiannual report is only required if a 
control device operates outside the design 
specifications.





M-7c	Implementation Schedule is Provided

270.24(a); 
264.1033(a)(2) 

A schedule shall be provided when facilities 
cannot install a closed-vent system and 
control device to comply with Part 264 on 
date facility is subject to requirements.





M-7d	Performance Test Plan is Provided

270.24(c); 
264.1035(b)(3) 

A performance test plan shall be provided 
where owner/operator applies for 
permission to use control device other than 
thermal vapor incinerator, catalytic vapor 
incinerator, flare, boiler, process heater, 
condenser, or carbon adsorption system, 
and chooses to use test data to determine 
organic removal efficiency achieved by 
control device.







Notes:



a	Considerations in addition to the requirements presented in the regulations.

b	For each requirement, this column must indicate one of the following: NA for not applicable, IM for information missing, or the exact location of the information 
in the application.

c	If application is deficient in an area, prepare a comment describing the deficiency, attach it to the checklist, and reference the comment in this column.
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J.

CORRECTIVE ACTION FOR SOLID WASTE MANAGEMENT UNITS:


J-1

Solid Waste Management Units: 9 VAC 20-60-264 and 1010.M.; 40 CFR 264.101


Identify all solid waste management units at the facility including hazardous and non-hazardous units, as well as active and inactive units, if known.  A solid waste management unit may include any of the following:



Landfill;



Surface Impoundment;



Waste pile;



Land treatment unit;



Tank (including 90-day accumulation tank);



Injection well;



Incinerator;



Wastewater treatment tank;



Container storage area;



Waste handling area;



Transfer station; and



Waste recycling operation.


J-1a

Characterize the Solid Waste Management Unit

For each solid waste management unit, submit the following information:



Type of each unit;



Location of each existing or closed unit on the topographic map [See comment B-2];



Engineering drawings of the unit, if available;



Dimensions and materials of construction of each unit;



Dates when the unit was in operation;



Quantity or volume of waste, if known


J-1b

No Solid Waste Management Units

Describe the methodology used to determine that no existing or former solid waste management units exist at the facility (e.g., review of old solid waste permits, blueprints).


J-2

Releases

Provide all information available, including releases reported under CERCLA Section 103, on whether or not releases have occurred from any solid waste management units at the facility.  Reasonable efforts to identify releases must be made, even if releases have not been verified.  (A release may include: spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, leaching, dumping, or disposing into the environment.  It does not include releases otherwise permitted or authorized under law.)


J-2a

Characterize Releases

Information on releases must include the following types of available information concerning prior or current releases:



Date of the release;



Type of waste constituent released;



Nature of the release:


-
spill,


-
overflow,;


-
ruptured pipe or tank,


-
result of the units construction (e.g., unlined surface impoundment, leaky tank)



Groundwater monitoring and other analytical data available to describe nature and extent of release.  If other than groundwater monitoring data, please describe;



Physical evidence of distressed vegetation and soil contamination;



Historical evidence of releases such as tanker truck accidents;



Any state, local, or federal enforcement action that may address releases;



Any public citizen complaints about the facility that could indicate a release; and



Any information showing the migration of a release.


J-2b

No Releases

Describe the methodology used to determine that releases from solid waste management units are not present (e.g., review of groundwater monitoring data).


K.

OTHER FEDERAL LAWS: 9 VAC 20-60-1010.I.13. and 1200.C.1.c.


Demonstrate compliance with the requirements of applicable Federal laws such as the Wild and Scenic Rivers Act, National Historic Preservation Act of 1966, Endangered Species Act, Coastal Zone Management Act, and Fish and Wildlife Coordination Act.


L.

PART B CERTIFICATION: 9 VAC 20-60-1030.A. and 1030.B.


Applications must be accompanied by a certification letter as specified in 1030.D.  The required signatures are as follows:  (1) for a corporation, a principal executive officer (at least at the level of vice-president); (2) for a partnership or sole proprietorship, a general partner or the proprietor, respectively; (3) for a municipal, state, Federal, or other public agency, either a principal executive officer or ranking elected official.
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I.

CLOSURE, POST-CLOSURE AND FINANCIAL REQUIREMENTS: 9 VAC 20-60-264, 1010.E., 1010.G. through H.; 40 CFR 264.110 through 264.151, 264.178, 264.197, 264.228, 264.258, 264.280, 264.310, and 264.351


I-1

Closure Plans: 9 VAC 20-60-264 and 1010.E.; 40 CFR 264.112(a)(1) and (2)


Include a copy of the written closure plan consistent with I-1a through I-1k including an estimate of the maximum inventory of wastes in storage and treatment at any time.


I-1a

Closure Performance Standard: 9 VAC 20-60-264; 40 CFR 264.111


Describe how closure minimizes the need for post-closure maintenance and minimizes releases of wastes.


I-1b

Partial and Final Closure Activities: 9 VAC 20-60-264; 40 CFR 264.112(b)(1) through 264.112(b)(7)


If partial closure is anticipated, describe how and when the facility will be partially closed, including an identification of the maximum extent of operation after partial closure.  Describe how and when the facility will finally be closed and the maximum extent of operation that will be active during the life of the facility.  This description must identify how the requirements of 264.111, 264.113, 264.114, 264.115, and applicable requirments of 264.178, 264.197, 264.228, 264.258, 264.280, 264.310, and 264.351 will be met.


I-1c

Maximum Waste Inventory: 9 VAC 20-60-264; 40 CFR 264.112(b)(3)


Describe the maximum inventory of wastes in storage, treatment and disposal at any time during the life of the facility.  Describe the sequence in which units will be operated during the active life of the facility and the order in which they will be closed.


I-1d

Schedule for Closure: 9 VAC 20-60-264; 40 CFR 264.112(b)(6)


Provide a schedule for closure of each hazardous waste management unit and for the final closure of the facility, including total time to close and time required for intervening closure activities.  This will allow tracking of the progress of closure.


For facilities that use trust funds to establish financial assurance under264.143 or 264.145, and that are expected to close prior to the expiration date of the permit, provide an estimate of the expected year of final closure.


I-1d(1)

Time Allowed for Closure: 9 VAC 20-60-264; 40 CFR 264.112(b)(2) and 264.113(a) and (b)


The schedule for closure must show:



All hazardous wastes will be treated, removed off-site, or disposed on-site within 90 days from the receipt of the final volume of waste at the unit or facility; and



All closure activities must be completed within 180 days from the receipt of the final volume of waste at the unit or facility.


I-1d(1)(a)
Extensions for Closure Time: 9 VAC 20-60-264; 40 CFR 264.113(a) and (b)


Submit a petition for a schedule for closure which exceeds the 90 days for treatment, removal or disposal of wastes and/or the 180 days for completion of closure activities which justifies that a longer period of closure time is required.


One of the following must be demonstrated:



Closure activities require longer than 90 or 180 days;



Unit or facility has the capacity to receive additional wastes;



There is a reasonable likelihood that another person other than the owner/operator will recommence operation of the site within one year; and



Closure would be incompatible with continued operation.


I-1e(1)

Inventory Removal: 9 VAC 20-60-264; 40 CFR 264.112(b)(3)


Discuss methods for removing, treating, storing, or disposing all hazardous waste and identify the type(s) of off-site hazardous waste management units that will be used.


I-1e(2)

Disposal or Decontamination of Equipment, Structures, and Soils: 9 VAC 20-60-264; 40 CFR 264.112(b)(4) and 264.114


Associated with the closure of each hazardous waste management unit, provide a detailed description of the steps needed to decontaminate or dispose of all facility equipment and structures.  The following must be included:



Decontamination procedures;



Criteria for determining decontamination;



List of equipment, structures, and soil;



Disposal of contaminated soil and residues;



Decontamination of clean-up material and equipment; and



Demonstrate that decontamination has been effective.


I-1e(3)

Closure of Disposal Units/Contingent Closures: 9 VAC 20-60-264 and 1010.E., 1010.K.3.f., 1010.K.4.i., 1010.K.7.e.; 40 CFR 264.228(a)(2), 264.228(c)(1)(i), 264.258(c), 264.258(c)(1)(i), 264.310(a), 264.601


All piles, landfills, surface impoundments, and miscellaneous units in which wastes or contaminated materials are to remain at closure must describe how the unit will be closed, including a description of the final cover to be established and its expected performance.  Surface impoundments and waste piles requiring contingent closure plans must also provide these descriptions.


I-1e(3)(a)
Disposal Impoundments: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)


If wastes are to remain in the impoundment after closure, describe the methods for preparing the wastes for the final cover.


I-1e(3)(a)(i)
Elimination of Liquids: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(i)


Describe how free liquids are to be removed or solidified at closure.


I-1e(3)(a)(ii)
Waste Stabilization: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(ii)


Describe the methods to be used to stabilize remaining wastes to support the final cover, including:


-  Stabilization methods, equipment and materials;


-  Required bearing strength of stabilized waste;


-  Demonstration of stabilized waste bearing strength; and


-  Methods for bearing strength determination during closure.  


I-e(3)(b)
Cover Design: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii) AND 264.310(a)


The cover design and installation procedures should be thoroughly described.  This submission should include:


-
Drawings showing cover layers, thicknesses, slopes and overall dimensions.


-
The common name, species and variety of the proposed cover crop


-
Descriptions of synthetic liners to be used, including chemical properties, strength thickness and manufacturers specifications


-
Description of rationale for cover selection


-
Descriptions of and specifications for protective materials placed above and below synthetic liners


-
Clay liner characteristics, including thickness and permeability


-
Clay liner construction plans including lift sequencing.


I-1e(3)(c)
Minimization of Liquid Migration: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii)(A) and 264.310(a)(1)


For cover designs different than the EPA-suggested design, provide engineering calculations showing the proposed cover will provide long-term minimization of liquid migration through the cover.


I-1e(3)(d)
Maintenance Needs: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii)(B) and 264.310(a)(2)


Demonstrate that the cover system will function effectively with minimum maintenance needs.


I-1e(3)(e)
Drainage and Erosion: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii)(C) and 264.310(a)(3)


Provide the following information:


-  Data demonstrating that the proposed final slopes will not cause significant cover erosion;


-  Descriptions of drainage materials and their permeabilities;


-  Engineering calculations demonstrating free drainage of precipitation off of and out of the cover; and


-  Estimation of the potential for drainage-layer clogging.


I-1e(3)(f)
Settlement and Subsidence: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii)(D) and 264.310(a)(4)


Describe the potential cover settlement and subsidence, considering immediate settlement, primary consolidation, secondary consolidation, and creep and liquefaction.  Include the following information:


-
Potential foundation compression.


-
Potential soil liner compression.


-
Potential waste consolidation and compression resulting from waste dewatering, biological oxidation and chemical conversion of solids to liquids.


Describe the effects of potential subsidence/settlement on the ability of the final cover to minimize infiltration.


I-1e(3)(g)
Cover Permeability: 9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii)(E) and 264.310(a)(5)


Demonstrate that the cover system will have a permeability less than or equal to that of the liner system.


I-1e(3)(h)
Freeze/Thaw Effects:  9 VAC 20-60-264; 40 CFR 264.228(a)(2)(iii) and 264.310(a)


Identify the average depth of frost penetration and describe the effects of freeze/thaw cycles on the cover.


I-1e(4)

Closure of Containers: 9 VAC 20-60-264 and 1010.E.; 40 CFR 264.178 and 264.112(b)(3)


Show that at closure, all hazardous waste and hazardous waste residue will be removed from the containment system, and how remaining containers, liners, bases, and soil containing or contaminated with hazardous waste or hazardous waste residues will be decontaminated or removed.  The description should address the following:



Hazardous waste removal and disposal;



Container decontamination and disposal;



Site decontamination and disposal, including liners, soil, and washings;



Verification of decontamination; and



Maximum inventory.


I-1e(5)

Closure of Tanks:  9 VAC 20-60-264 and 1010.E.; 40 CFR 264.197 and 264.112(b)(3)


Show that at closure, all hazardous waste and hazardous waste residue will be removed from tanks, discharge control equipment, and discharge confinement structures, and that the facility will be decontaminated.  The description should address the following:



Waste removal from tanks and equipment;



Decontamination of all components;



Verification of decontamination;



Disposal of wastes and inventory; and



Maximum inventory.


I-1e(6)

Closure of Waste Piles:  9 VAC 20-60-264 and 1010.K.4.i.; 40 CFR 264.258


Describe how all hazardous waste residues, contaminated containment system components (liners, etc.), contaminated subsoils, and structures and equipment contaminated with waste and leachate will be removed or decontaminated at closure and managed as hazardous waste.  If any wastes, waste residues or contaminated materials or soils will remain after closure, provide plans for closing the pile as a landfill(I-1e(9)) and provide a post-closure plan (I-2).  Piles without liners or with liners that do not meet the requirements of D-3c must also provide contingent plans for closing the facility as a landfill (I-1e(9)) and a contingent post-closure plan (I-2), except for dry, enclosed piles meeting the requirements of D-3b(1) or piles for which a liner exemption is sought in accordance with D-3b(2).


I-1e(7)

Closure of Surface Impoundments: 9 VAC 20-60-264 and 1010.K.4.f.; 40 CFR 264.228(a)(1) and (2), 264.228(b)


Describe how all hazardous waste residues, contaminated containment system components (liners, etc.), contaminated subsoils, and structures and equipment contaminated with waste and leachate will be removed or decontaminated at closure and managed as hazardous waste. The description must address the following:



Procedure and criteria for determining whether or not decontamination has been successful;



Sampling and analytical techniques; and 



Continuance of treatment during closure (if appropriate).


If any wastes, waste residues or contaminated materials or soils will remain after closure provide plans for closing the surface impoundment in place and provide post-closure plans (I-2). Plans for closing a surface impoundment in place must address the following:



Elimination of liquids by removal or solidification;



Stabilization of wastes to sufficient bearing capacity; and



Final cover designed and constructed to provide long term minimization of liquids through the closed impoundment, function with minimal maintenance, promote drainage and minimize erosion of the final cover, accommodate settling and subsidence, and have a permeability less than or equal to that of the bottom liner system or natural subsoils present.


Surface impoundments without liners or with liners that do not meet the requirements of D-4c must also provide contingent plans for closure in place and a contingent post-closure plan (I-2), except for impoundments requesting a liner exemption in accordance with D-4b.


I-1e(8)

Closure of Incinerators: 9 VAC 20-60-264 and 1010.E.; 40 CFR 264.351


Describe how, at closure, all hazardous residues (including, but not limited to, ash, scrubber waters, and scrubber sludges) will be removed from the incinerator, associated ductwork, piping, air pollution control equipment, sumps, and any other structures or operating equipment such as pumps, valves, etc., that have come into contact with hazardous waste.  Alternatively, describe how the incinerator and associated units and equipment will be dismantled and disposed of as a hazardous waste.


I 1e(9)

Closure of Landfills: 9 VAC 20-60-264 and 1010.K.7.e.; 40 CFR 264.310(a)


Provide detailed plans and an engineering report that describes the final cover components in detail.  Cover installation and construction quality assurance procedures should be thoroughly described.  These detailed plans and engineering report must describe how the final cover will:



Provide long term minimization of migration of liquids through the closed landfill;



Function with minimum maintenance;



Promote drainage and minimize erosion/abrasion;



Settle/subside without losing integrity;



Be less permeable than bottom liners or subsoils; and



Withstand freeze/thaw cycles.


I-1e(10)

Closure of Land Treatment Facilities: 9 VAC 20-60-264 and 1010.K.6.f.; 40 CFR 264.280(a)


Describe the steps to close the unit at the end of its operating life, while assuring continued treatment of wastes, as necessary.


I-1e(10)(a)
Continuance of Treatment: 9 VAC 20-60-264; 40 CFR 264.280(a)(1) through (7)


Describe how, during the closure period, all operations (including pH control) necessary to maximize degradation, transformation and immobilization of hazardous constituents will be continued.  Include a description of how, during the closure period, run-off of hazardous constituents will be minimized, and how run-on, run-off, and wind dispersal control systems will be maintained.  Demonstrate that compliance with any prohibitions or conditions concerning growth of food chain crops will be continued.  Demonstrate that unsaturated zone monitoring will be continued.  When closure is complete, submit certification by an independent, qualified soil scientist.


I-1e(10)(b)
Vegetative Cover: 9 VAC 20-60-264 and 1010.K.6.f.; 40 CFR 264.280(a)(8)


Describe the vegetative cover to be established during closure, including:


-
Common name, species and variety of the cover crop to be established;


-
Data showing that the cover crop can thrive in the soils and climate in which it will be placed;


-
The minimum percentage of soil cover to be maintained on the closed land treatment unit; and


-
Methods to be used to establish and maintain the cover.


I-1e(11)

Closure of Miscellaneous Units: 9 VAC 20-60-1010.K.8.a.(2)


Show that at closure, all hazardous waste and hazardous waste residues will be removed from the treatment process or equipment, discharge control equipment, and discharge confinement structures, and that the unit will be decontaminated.  A description of the sampling/test procedures or other means to ensure that no contamination remains on, in, or around the units and associated equipment and structures must be provided.  If any wastes, waste residues, or contaminated materials or soils will remain after closure, provide plans for closing the miscellaneous unit as a disposal unit [I-1e(3)] and provide post closure plans [I-2].


I-1e(12)

Closure of Boilers and Industrial Furnaces: 9 VAC 20-60-266; 40 CFR 266.102(a)(2)(vii)


Describe how, at closure, all hazardous waste and hazardous residues (including, but not limited to, ash, scrubber waters, and scrubber sludges) will be removed from the BIF unit or, associated ductwork, piping, air pollution control equipment, sumps, and any other structures or operating equipment such as pumps, valves, etc., that have come into contact with hazardous waste.  Alternatively, describe how the BIF and associated equipment will be dismantled and disposed of as a hazardous waste.


I-2

Post-Closure Plan/Contingent Post-Closure: 9 VAC 20-60-264 and 1010.E., 1010.K.3.f., 1010.K.4.i., 1010.K.6.f., 1010.K.7.e., 1010.K.8.a.(3); 40 CFR 264.118, 264.197(b), 264.197(c)(2), 264.226(d)(2),  264.228(b), 264.228(c)(1)(ii), 264.258(b), 264.258(c)(1)(ii), 264.280(c), 264.310(b), 264.603


Submit a copy of the most recent post-closure plan or, if applicable, the contingent post-closure plan.  Landfill, surface impoundment, tank and waste pile post-closure plans should address items I-2a, b, c, f, g, h,; land treatment unit post-closure plans, item I-2d, f, g, and h; and miscellaneous units should address items I-2a, b, c, e, f, g, and h.


I-2a

Inspection Plan: 9 VAC 20-60-264; 40 CFR 264.118(a), 264.197(b), 264.197(c)(2), 264.226(d)(2), 264.228(b), 264.228(c)(1)(ii), 264.258(b), 264.258(c)(1)(ii), 264.280(c), 264.310(b)


Describe the inspections to be conducted during the post-closure care period, their frequency, the inspection procedure, and the logs to be kept.  The following items, as applicable, should be included in the inspection plan:


-  Security control devices


-  Erosion damage


-  Cover settlement, subsidence and displacement


-  Vegetative cover condition


-  Integrity of run-on and run-off control measures


-  Cover drainage system functioning


-  Leak detection system


-  Leachate collection and removal system


-  Gas venting system


-  Well condition


-  Benchmark integrity


The rationale for determining the length of time between inspections should be provided.


I-2b

Monitoring Plan: 9 VAC 20-60-264; 40 CFR 264.118(b)(1), 264.197(b), 264.197(c)(2), 264.226(d)(2), 264.228(b), 264.228(c)(1)(ii), 264.258(b), 264.258(c)(1)(ii), 264.280(c), 264.310(b)


Describe the monitoring to be conducted during the post-closure care period, including, as applicable, the procedures for conducting the following operations and evaluating the data gathered:



Groundwater monitoring;



Leachate collection and removal;



Leak detection between liners. 


I-2c

Maintenance Plan: 9 VAC 20-60-264; 40 CFR 264.118(b)(2), 264.197(b), 264.197(c)(2), 264.226(d)(2), 264.228(b), 264.228(c)(1)(ii), 264.258(b), 264.258(c)(1)(ii), 264.280(c), 264.310(b)


Describe the preventative and corrective maintenance procedures, equipment requirements and material needs.  Include the following items in the maintenance plan, as applicable:


-  Repair of security control devices;


-  Erosion damage repair;


-  Correction of settlement, subsidence and displacement;


-  Mowing, fertilization and other vegetative cover maintenance;


-  Repair of run-on and run-off control structures;


-  Leachate removal system maintenance;


-  Well replacement/repair; and


- Protection and maintenance of surveyed benchmarks.


Describe the rationale to be used to determine the need for corrective maintenance activities.


I-2d

Land Treatment: 9 VAC 20-60-264; 40 CFR 264.280(c)


Describe the operation, inspection, and maintenance programs to be used at the closed facility.  Include descriptions of the procedures for conducting the following activities and identify frequencies at which they are to be conducted:


-  Continuance of land treatment;


-  Vegetative cover maintenance;


-  Maintenance of run-on control systems and run-off management systems;


-  Wind dispersal control;


-  Control of food chain crops; and


-  Unsaturated zone monitoring.


I-2e

Post-Closure for Miscellaneous Units: 9 VAC 20-60-264 and 1010.K.8.(a)(3); 40 CFR 264.603


Specify procedures including post-closure plan for miscellaneous units that are disposal units or treatment or storage units where contaminated soils or groundwater cannot be completely removed or decontaminated that ensures performance standards established per 264.601 will be maintained through the post-closure period.  Include prevention of any releases to groundwater or subsurface environment; surface water or wetlands or on the soil surface; or to air, as appropriate.


I-2f

Post-Closure Security: 9 VAC 20-60-264; 40 CFR 264.117(b) and (c)


Indicate whether hazardous waste will remain exposed after completion of partial or final closure or access by the public or domestic livestock will pose a hazard to human health.  Demonstrate that for property where hazardous wastes remain after partial or final closure, post-closure use must never be allowed to disturb the integrity of the final cover, liner(s), or any other components of the containment system, or the function of the facilitys monitoring system.


I-2g

Post-Closure Contact: 9 VAC 20-60-264; 40 CFR 264.118(b)(3)


Provide the name, address, and phone number of the person or office to contact about the hazardous waste disposal unit or facility during the post-closure care period.


I-3

Notices Required for Disposal Facilities

I-3a

Certification of Closure:  9 VAC 20-60-264; 40 CFR 264.115 and 264.280


Provide a statement that indicates that within 60 days of completion of closure of each hazardous waste management surface impoundment, waste pile, land treatment, and landfill unit, and within 60 days of completion of final closure, certification will be submitted to the Director.  The certification must certify that the hazardous waste management unit or facility, as applicable, has been closed in accordance with the specifications of the approved closure plan.  The certification must be signed by an independent, Virginia registered professional engineer (or by an independent qualified soil scientist in the case of land treatment closure).


I-3b

Survey Plat:   9 VAC 20-60-264; 40 CFR 264.116


Provide a statement that indicates that no later than the submission of certification of closure for each hazardous waste disposal unit, a survey plat indicating the location and dimensions of landfill cells or other disposal units with respect to permanently surveyed benchmarks, will be submitted to the local zoning authority (or authority with jurisdiction over local land use) and to the Director.  The plat must be prepared and certified by a professional land surveyor and must contain a note, prominently displayed, that states the owner/operator obligation to restrict disturbance of the disposal unit in accordance with applicable 40 CFR 264 Subpart G requirements.


I-3c

Post-Closure Certification:  9 VAC 20-60-264; 40 CFR 264.120


Provide a statement that indicates that within 60 days of completion of the post-closure care period for each hazardous waste disposal unit, certification will be submitted to the Director.  The certification must certify that the post-closure care period for the hazardous waste disposal unit was performed in accordance with the specifications of the approved post-closure plan.  The certification must be signed by the owner/operator and by an independent, Virginia registered professional engineer.


I-3d

Post-Closure Notices:  9 VAC 20-60-264; 40 CFR 264.119


Provide a statement that indicates that the following post-closure notices will be appropriately filed and submitted:



A record of the type, location, and quantity of hazardous waste disposed within each cell or disposal unit will be submitted to the local zoning authority (or the authority with jurisdiction over local land use) and to the Director no later than 60 days after certification of closure of each disposal unit.



A notation in the deed to the facility property will be made that will, in perpetuity, notify any potential purchasers of the property that (1) the land has been used to manage hazardous waste; (2) use of the land is restricted to activities that will not disturb the integrity of the final cover system, or monitoring system during the post-closure care period; and (3) the survey plat [item I-3b] and record of waste disposal (noted above) have been submitted to the local zoning authority (or the authority with jurisdiction over local land use) and to the Director.  This notification must be placed within 60 days of certification of closure of the first waste disposal unit and within 60 days of certification of closure of the last waste disposal unit.



A certification, signed by the owner/operator, that the notice in the deed has been made, must be submitted to the Director.


I-4

Closure Cost Estimate: 9 VAC 20-60-264 and 1010.G.; 40 CFR 264.142


Provide a copy of the most recent closure cost estimate, considering the following factors.



The estimate must equal the cost of final closure at the point at which faciity closure would be most costly;



The cost estimate must be based on having a third party close the facility;



The estimate may use costs for on-site disposal if capacity will exist at all times over the life of the facility;



The estimate may not incorporate salvage value realized from site hazardous wastes, facility structures/land, or other facility assets;



The estimate may not assume zero costs fro handling of hazardous wastes with potential economic value; and



The cost estimate must be adjusted annually for inflation pursuant to Section 264.142(b).


I-5

Financial Assurance Mechanism for Closure:   9 VAC 20-60-264 and 1010.G.; 40 CFR 264.143 and 264.151


Provide a copy of the established financial assurance mechanism for facility closure.  The mechanism must be one of the following:


I-5a

Closure Trust Fund:   9 VAC 20-60-264 and 1010.C.1.; 40 CFR 264.143(a) and 264.151(a)(1)


Provide a copy of the closure trust fund agreement with the wording required by 264.151(a)(1) and a formal certification of acknowledgment.


I-5b

Surety Bond:  9 VAC 20-60-264; 40 CFR 264.143(b) and (c), and 264.151(b) and (c)


I-5b(1)

Surety Bond Guaranteeing Payment Into a Closure Fund: 9 VAC 20-60-264; 40 CFR 264.143(b), and 264.151(b)


Provide a copy of the surety bond with the wording required by 264.151(c) and a copy of the standby trust agreement.  The bond must guarantee that the owner or operator will fund the standby trust fund in an amount equal to the penal sum of the bond before the beginning of final closure of the facility, or fund the standby trust fund in an amount equal to the penal sum within 15 days of an order to begin closure, or provide alternate financial assurance if the bond is canceled.


I-5b(2)

Surety Bond Guaranteeing Performance of Closure: 9 VAC 20-60-264; 40 CFR 264.143(c), and 264.151(c)


Provide a copy of the surety bond with the wording required by 810.K.3., guaranteeing that the owner or operator will perform closure according to the closure plan and the requirements of Subpart G.


I-5c

Closure Letter of Credit: 9 VAC 20-60-264; 40 CFR 264.143(d), and 264.151(d)


Provide a copy of the irrevocable letter of credit with the wording required by 264.151(d) and a copy of the standby trust agreement.  The letter of credit must be issued for a period of at least one year and be for the amount of estimated closure.


I-5d

Closure Insurance: 9 VAC 20-60-264; 40 CFR 264.143(e), and 264.151(e)


Provide a copy of the certificate of insurance with the wording required in 264.151(e).


I-5e

Financial Test and Corporate Guarantee for Closure: 9 VAC 20-60-264; 40 CFR 264.143(f), and 264.151(f) and (h)


Submit a letter signed by the owner's or operator's chief financial officer and worded as specified by 264.151(f) and a copy of the independent certified public accountant's report on examination of the applicant's financial statements for the latest fiscal year, and a special report from the certified public accountant.  If a parent company is guaranteeing closure for a subsidiary facility, the corporate guarantee must accompany the preceding items.


I-5f

Use of Multiple Financial Mechanisms: 9 VAC 20-60-264; 40 CFR 264.143(g)


Provide a copy of a combination of trust fund agreements, surety bonds guaranteeing payment into a closure trust fund, letters of credit, or insurance, together which provide financial assurance for the amount of closure.  Financial assurance instruments must meet the requirements of 264.143(a), (b), (d), or (e). that include closure trust fund, surety bond guaranteeing payment into a closure trust fund, closure letter of credit and closure insurance, respectively.


I-5g

Use of Financial Mechanisms for Multiple Facilities: 9 VAC 20-60-264; 40 CFR 264.143(h)


Provide a copy of a financial assurance mechanism for more than one facility showing, for each facility, the EPA ID number, name, address, and amount of closure funds assured by the mechanism.  The amount of funds available through the mechanism must be no less than the sum of funds that would be available if a separate mechanism had been established and maintained for each facility.  Financial test applies to the sum of closure and post-closure costs for all facilities.


I-6

Post-Closure Cost Estimate: 9 VAC 20-60-264 and 1010.H.; 40 CFR 264.144


Provide a copy of the most recent post-closure cost estimate, calculated to cover the third party cost, in current dollars, of post-closure monitoring and maintenance of the facility in accordance with the applicable post-closure plan.  The cost must be updated annually using an inflation factor.


I-7

Financial Assurance Mechanism for Post-Closure Care: 9 VAC 20-60-264 and 1010.H.; 40 CFR 264.145 and 264.151


Provide a copy of the established financial assurance mechanism for post-closure care of the facility.  The mechanism must be one of the following:


I-7a

Post-Closure Trust Fund: 9 VAC 20-60-264; 40 CFR 264.145(a) and 264.151(a)(1)


Provide a copy of the post-closure fund agreement with the wording required by 264.151(a)(1) and submit a formal certification of acknowledgment.


I-7b

Surety Bond:   9 VAC 20-60-264; 40 CFR 264.145(b) and (c), and 264.151(b) and (c)


I-7b(1)

Surety Bond Guaranteeing Payment Into a Post-Closure Trust Fund:  9 VAC 20-60-264; 40 CFR 264.145(b) and 264.151(b)


Provide a copy of the surety bond with the wording required by 264.151(b) and a copy of the standby trust agreement.  The bond must guarantee that the owner or operator will fund the standby trust fund in an amount equal to the penal sum of the bond before the beginning of final closure of the facility, or fund the standby trust fund in an amount equal to the penal sum within 15 days of an order to begin closure, or provide alternate financial assurance if the bond is canceled.


I-7b(2)

Surety Bond Guaranteeing Performance of Post-Closure Care:  9 VAC 20-60-264; 40 CFR 264.145(c) and 264.151(c)


Provide a copy of the surety bond with the wording required by 264.151(c) guaranteeing that the owner or operator will perform post-closure care according to the post-closure plan and the requirements of Subpart H.


I-7c

Post-Closure Letter of Credit:9 VAC 20-60-264; 40 CFR 264.145(d) and 264.151(d)


Provide a copy of the irrevocable letter of credit with the wording required by 264.151(d) and a copy of the standby trust agreement.  The letter of credit must be issued for a period of at least one year and be for the amount of estimated post-closure costs.


I-7d

Post-Closure Insurance: 9 VAC 20-60-264; 40 CFR 264.145(e) and 264.151(e)


Provide a copy of the certificate of insurance with the wording required by 264.151(e).


I-7e

Financial Test and Corporate Guarantee for Post-Closure Care: 9 VAC 20-60-264; 40 CFR 264.145(f), 264.151(f) and (h)


Submit a letter signed by the owner's or operator's chief financial officer and worded as specified by 264.151(f), a copy of the independent certified public accountant's report on examination of the applicant's financial statements for the latest fiscal year, and a special report from the certified public accountant.  If a parent corporation is guaranteeing post-closure care for a subsidiary facility, the corporate guarantee must accompany the preceding items.


I-7f

Use of Multiple Financial Mechanisms:  9 VAC 20-60-264; 40 CFR 264.145(g)


Provide a copy of a combination of financial mechanisms, including trust fund agreements, surety bonds guaranteeing payment into a post-closure trust fund, letters of credit, and insurance, together which provide financial assurance for the amount of post-closure care.  Combined financial assurance must be at least equal to the adjusted post-closure cost.


I-7g

Use of Financial Mechanism for Multiple Facilities:   9 VAC 20-60-264; 40 CFR 264.145(h)


Provide a copy of a financial assurance mechanism for more than one facility showing, for each facility, the EPA ID number, name, address, and amount of post-closure funds assured by the mechanism.  The amount of funds available through the mechanism must be no less than the sum of funds that would be available if a separate mechanism had been established and maintained for each facility.


I-8

Liability Requirements:  9 VAC 20-60-264; 40 CFR 264.1457


Provide copies of the required items documenting compliance with applicable liability requirements for sudden and nonsudden accidental occurrences.


I-8a

Coverage for Sudden Accidental Occurrence:    9 VAC 20-60-264; 40 CFR 264.147(a)


Liability coverage must be maintained for sudden accidental occurrences in the amount of at least $1 million per occurrence with an annual aggregate of at least $2 million.  Liability coverage may be demonstrated in one of three ways:


I-8a(1)

Endorsement or Certification: 9 VAC 20-60-264; 40 CFR 264.147(a)(1)


Submit a signed duplicate original of the Hazardous Waste Facility Liability Endorsement, with the wording specified by 264.151(i) or of a Certificate of Liability Insurance, with the wording specified by 264.151(j).


I-8a(2)

Financial Test for Liability Coverage: 9 VAC 20-60-264; 40 CFR 264.147(a)(2), 264.147(f) and (g), 264.151(f) and (g)


Submit a letter signed by the owner's or operator's chief financial officer and worded as specified by 264.151(g), copy of the independent certified public accountant's report on examination of the applicant's financial statements for the latest fiscal year, and a special report from the certified public accountant.  If the applicant is using the financial test to demonstrate both assurance for closure or post-closure care and liability coverage, the letter specified in 810.K.7. must be submitted to cover both forms of financial responsibility.  Under these circumstances, a separate letter as specified by 264.151(h)(2) is not required.


I-8a(3)

Use of Multiple Insurance Mechanisms: 9 VAC 20-60-264; 40 CFR 264.147(a)(3)


Submit items demonstrating required liability coverage through a combination of endorsement or certification and financial test as these mechanisms are specified in this section (see I-8a(1) and I-8a(2)).  The amounts of coverage demonstrated must total at least the minimum amounts required by 810.G.1.


I-8b

Coverage for Nonsudden Accidental Occurrences:  9 VAC 20-60-264; 40 CFR 264.147(a)(3)


For surface impoundment, land disposal, and land treatment facilities, liability coverage must be maintained for nonsudden accidental occurrences in the amount of at least $3 million per occurrence with an annual aggregate of at least $6 million.  Coverage may be demonstrated in one of three ways:


I-8b(1)

Endorsement or Certification: 9 VAC 20-60-264; 40 CFR 264.147(b)(1)


Submit a signed duplicate original of the Hazardous Waste Facility Endorsement, with the wording specified by 264.151(i) or a Certificate of Liability Insurance, with the wording specified by 264.151(j).


I-8b(2)

Financial Test for Liability Coverage:  9 VAC 20-60-264; 40 CFR 264.147(b)(2), 264.147(f) and (g), 264.151(f) and (g)


Submit a letter signed by the owner's or operator's chief financial officer and worded as specified by 264.151(g), a copy of the independent certified public accountant's report on examination of the applicant's financial statements for the latest fiscal year, and a special report from the certified public accountant.  If the applicant is using the financial test to demonstrate both assurance for closure or post-closure care and liability coverage, the letter specified in 264.151(g) must be submitted to cover both forms of financial responsibility.  Under these circumstances, a separate letter as specified by 264.151(f) is not required.


I-8b(3)

Use of Multiple Insurance Mechanisms:  9 VAC 20-60-264; 40 CFR 264.147(b)(3)


Submit items demonstrating required liability coverage through a combination of endorsement or certification and financial test as these mechanisms are specified in I-8b(1) and I-8b(2).  The amounts of coverage demonstrated must total at least the minimum amounts required by 264.147(b).


I-8c

Request for Variance:  9 VAC 20-60-264; 40 CFR 264.147(c)


Request for an adjusted level of required liability coverage must be accompanied by supporting information to demonstrate that established levels of financial responsibility specified in 264.147(a) or (b) are not consistent with the degree and duration of risk associated with treatment, storage, or disposal at the applicant's facility or group of facilities.


I-9a

State Assumption of Responsibility:   9 VAC 20-60-264; 40 CFR 264.150


If a state assumes legal responsibility for compliance with closure, post-closure, or liability requirements, or the state assures that state funds are available to cover those requirements, submit a copy of a letter from the state describing the state assumption of responsibility and including the facility EPA ID number, name, address, and amounts of liability coverage or funds for closure or post-closure care that are assured by the state, together with a letter requesting that the state's assumption of responsibility be considered acceptable.
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H.

PERSONNEL TRAINING: 9 VAC 20-60-264 and 1010.D.; 40 CFR 264.16


H-1

Outline of the Training Program: 9 VAC 20-60-264; 40 CFR 264.16(a)(1)


Provide an outline of both the introductory and continuing training programs by owners or operators to prepare personnel to operate or maintain the facility in a safe manner.  Include a brief description on how training will be designed to meet actual job tasks.  (Note:  On-the-job training may be used to comply with these requirements.)


H-1a

Job Title/Job Description:  9 VAC 20-60-264; 40 CFR 264.16(d)(2)


Provide the job title and job description of each employee whose position at the facility is related to hazardous waste management.


H-1b

Training Content, Frequency, and Techniques:  9 VAC 20-60-264; 40 CFR 264.16(c) and 264.16(d)(3)


Describe the content, frequency, and techniques used in both introductory and continuing training (including an annual review of the initial training) for each employee.


H-1c

Training Director:  9 VAC 20-60-264; 40 CFR 264.16(a)(2)


Demonstrate that the program is directed by a person trained in hazardous waste management.


H-1d

Relevance of Training to Job Position:  9 VAC 20-60-264; 40 CFR 264.16(a)(2)


Demonstrate that facility personnel are instructed in hazardous waste management procedures (including contingency plan implementation) relevant to their positions.


H-1e

Training for Emergency Response:  9 VAC 20-60-264; 40 CFR 264.16(a)(3)


Demonstrate that facility personnel are able to respond effectively to emergencies and are familiar with emergency procedures, emergency equipment, and emergency systems.  The training program should include the following:



Procedures for Using, Inspecting, Repairing, and Replacing Facility Emergency and Monitoring Equipment



Key Parameters for Automatic Waste Feed Cut-off Systems



Communications or Alarm Systems



Response to Fires



Response to Groundwater Contamination Incidents



Shutdown of Operations


H-2

Implementation of Training Program: 9 VAC 20-60-264; 40 CFR 264.16(b), 264.16(d)(4), and 264.16(e)


Indicate that training has been successfully completed by facility personnel within six months of their employment or assignment to the facility or transfer to a new position within the facility, whichever is later.  Employees hired after the effective date of these regulations must not work in unsupervised positions until they have completed the training requirements.  Records documenting that the required training has been given to and completed by facility personnel must be maintained.
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G.

CONTINGENCY PLAN: 9 VAC 20-60-264 and 1010.B.7.; 40 CFR 264.50 through 264.56, and 264.52(b)


Provide a copy of the Contingency Plan or Spill Prevention Control and Countermeasures (SPCC) Plan amended for hazardous waste management to describe the actions facility personnel will take in response to fires, explosions, or any unplanned sudden or nonsudden release of hazardous waste or hazardous waste constituents to air, soil, or surface water at the facility.


G-1

General Information

Provide the facility name and location, operator, site plan, and description of facility operations.


G-2

Emergency Coordinators: 9 VAC 20-60-264; 40 CFR 264.52(d) and 264.55


Provide names, addresses, office and home phone numbers, and duties of primary and alternate coordinators and statement of authorization of coordinator to commit necessary resources to plan.


G-3

Implementation: 9 VAC 20-60-264; 40 CFR 264.52(a) and 264.56(d)


Describe how and when the contingency plan will be implemented.


G-4

Emergency Actions: 9 VAC 20-60-264; 40 CFR 264.56


G-4a

Notification: 9 VAC 20-60-264; 40 CFR 264.56(a)


Describe the methodology for immediate notification of facility personnel and necessary state or local agencies.


G-4b

Identification of Hazardous Materials: 9 VAC 20-60-264; 40 CFR 264.56(b)


Describe procedures for identification of hazardous materials involved in the emergency.


G-4c

Assessment: 9 VAC 20-60-264; 40 CFR 264.56(c) and (d)


Describe the policy for assessment of possible hazards to the environment and human health and need for evacuation and notification of authorities.  The authorities to be notified would include the on-scene coordinator for that area or the National Response Center.


G-4d

Control Procedures: 9 VAC 20-60-264; 40 CFR 264.52(a)


Specify control procedures to be taken in the event of a fire, explosion, or release.


G-4e

Prevention of Recurrence or Spread of Fires, Explosions, or Releases: 9 VAC 20-60-264; 40 CFR 264.56(e)


Describe the necessary steps to be taken to ensure that fires, explosions, or releases do not occur, reoccur or spread to other hazardous waste at the facility.


G-4f

Storage and Treatment of Released Material: 9 VAC 20-60-264; 40 CFR 264.56(g)


Provide for treatment, storage, or disposal of any material that results from a release, fire, or explosion at the facility.


G-4g

Incompatible Waste: 9 VAC 20-60-264; 40 CFR 264.56(h)(1)


Describe provisions for prevention of incompatible waste from being treated, stored, or located in the affected areas until clean-up procedures are completed.


G-4h

Post-Emergency Equipment Maintenance: 9 VAC 20-60-264; 40 CFR 264.56(h)(2)


Describe procedures for ensuring that all emergency equipment listed in the contingency plan is cleaned and fit for its intended use before operations are resumed.


G-4i

Container Spills and Leakage: 9 VAC 20-60-264; 40 CFR 264.52, 264.171


Specify procedures to be used when responding to container spills or leakage, including procedures and timing for expeditious removal of spilled waste and repair or replacement of the container(s).


G-4j

Tank Spills and Leakage

G-4j(1)

Stopping Waste Addition:  9 VAC 20-60-264; 40 CFR 264.196(a)


For a tank system or a secondary containment system from which there has been a leak or spill, or that is unfit for use, document that the owner or operator will inspect the system to determine the cause of the release.


G-4j(2)

Removing Waste:   9 VAC 20-60-264; 40 CFR 264.196(b)


Specify that if the release was from the tank system, the owner/operator will, within 24 hours after detection of the leak, or if the owner/operator demonstrates that is not possible, at the earliest practicable time, remove as much of the waste as is necessary to prevent further releases of hazardous waste to the environment and to allow inspection and repair of the tank system to be performed.  If the material released was to the secondary containment system, specify that all released materials will be removed within 24 hours or in as timely a manner as possible to prevent harm to human health and the environment.


G-4j(3)

Containment of Visible Releases:   9 VAC 20-60-264; 40 CFR 264.196(c)


Specify that a visual inspection of the release will be conducted immediately.  Demonstrate that based on the visual inspection, further migration of the leak or spill to soils and surface water will be prevented.  Indicate that any visible contamination of the soil or surface water will be removed and properly disposed.


G-4j(4)

Notifications, Reports:   9 VAC 20-60-264; 40 CFR 264.196(d)


Demonstrate that any release to the environment (except a leak or spill that is less than or equal to one pound and immediately contained and cleaned up) will be reported to the Director within 24 hours of its detection.


G-4j(5)

Provision of Secondary Containment, Repair, or Closure:   9 VAC 20-60-264; 40 CFR 264.196(e)


If the release has not damaged the integrity of the system, demonstrate that the released waste will be removed and repairs, if necessary will be made prior to returning the system to service.


If the cause of the release is from the primary tank system into the secondary containment system, demonstrate that the primary tank system will be repaired before returning it to service.


If the source of the release is a leak to the environment from a component of a tank system without secondary containment, demonstrate that the secondary containment (satisfying 264.193) will be provided for the component from which the leak occurred, unless the component is an aboveground portion of a tank system that can be inspected visually.  If the source is an aboveground component that can be inspected visually, demonstrate that the system will not be returned to service without a certification by an independent, Virginia registered professional engineer [in accordance with 1030.D.] that the repaired system is capable of handling hazardous wastes without release for the intended life of the system.  If a component is replaced to comply with the requirements of this subparagraph, demonstrate that the component will satisfy the requirements for new tank systems or components in 264.192 and 264.193.  Additionally, if a leak has occurred in any portion of a tank system component that is not readily accessible for visual inspection (e.g., the bottom of an inground or onground tank) demonstrate that the entire component will be provided with secondary containment in accordance with Section 264.193. prior to being returned to use.


G-4k

Surface Impoundment Spills and Leakage:  9 VAC 20-60-264; 40 CFR 264.227


G-4k(1)

Emergency Repairs: 9 VAC 20-60-264; 40 CFR 264.227


Describe the procedures to be used for removing a surface impoundment from service when the level of the liquid in the impoundment suddenly drops and the drop is not known to be caused by changes in the flow into or out of the impoundment or when the dike leaks.  Address the following:


G-4k(1)(a)
Stopping Waste Addition: 9 VAC 20-60-264; 40 CFR 264.227(b)(1)


Procedures for stopping waste additions to the impoundment.


G-4k(1)(b)
Containing Leaks:  9 VAC 20-60-264; 40 CFR 264.227(b)(2)


Procedures for containing any leakage.


G-4k(1)(c)
Stopping Leaks: 9 VAC 20-60-264; 40 CFR 264.227(b)(3)


Procedures for stopping the leak.


G-4k(1)(d)
Preventing Catastrophic Failure: 9 VAC 20-60-264; 40 CFR 264.227(b)(4)


Procedures to stop or prevent catastrophic failure.


G-4k(1)(e)
Emptying the Impoundment:  9 VAC 20-60-264; 40 CFR 264.227(b)(5)


Procedures for emptying the impoundment, if necessary.


G-4k(2)

Certification: 9 VAC 20-60-264; 40 CFR 264.227(d)(1) and 264.226(c)


Specify the procedure which will be followed for recertifying the dike's structural integrity, in the event the impoundment is removed from service as a result of actual or imminent dike failure.


G-4k(3)

Repairs as a Result of Sudden Drop: 9 VAC 20-60-264; 40 CFR 264.227(d)(2)


Specify the procedure which will be followed in the event the impoundment is removed from service as the result of a sudden drop in the liquid level for the following:


G-4k(4)(a)
Existing Portions of Surface Impoundment: 9 VAC 20-60-264; 40 CFR 264.227(d)(2)(i)


Installation of a liner for any existing portion of the impoundment.


G-4k(4)(b)
Other Portions of the Surface Impoundment: 9 VAC 20-60-264; 40 CFR 264.227(d)(2)(ii)


Certification by a qualified engineer for other than existing portions of the impoundment.


G-5

Emergency Equipment: 9 VAC 20-60-264; 40 CFR 264.52(e)


Describe the location and specifications of the emergency equipment.


G-6

Coordination Agreements: 9 VAC 20-60-264; 40 CFR 264.37, 264.52(c)


Describe the coordination agreements with local police and fire departments, hospitals, contractors, and state and local emergency response teams to familiarize them with the facility and actions needed in case of emergency.  Document refusal to enter into a coordination agreement.


G-7

Evacuation Plan: 9 VAC 20-60-264; 40 CFR 264.52(f)


Describe signal(s) to be used to begin evacuation, and planned and alternate evacuation routes.


G-8

Required Reports:  9 VAC 20-60-264; 40 CFR 264.52(j)


Describe the provisions for submission of reports of emergency incidents within 15 days of occurrence, and maintenance of records identifying the time, date, and details of an emergency incident.
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F

Procedures to Prevent Hazards

F-1

Security: 9 VAC 20-60-264 and 1010.B.4.; 40 CFR 264.14 


F-1a

Security Procedures and Equipment: 9 VAC 20-60-264 and 1010.B.4.; 40 CFR 264.14 


Unless a waiver is granted, the facility must have either a 24-hour surveillance system or a barrier and a means to control entry.


F-1a(1)

24-Hour Surveillance System: 9 VAC 20-60-264.B; 40 CFR 264.14(b)(1) 


A 24-hour surveillance system (e.g., television monitoring or surveillance by guards or facility personnel) that continuously monitors and controls entry onto the active portion of the facility; or


F-1a(2)(a)
Barrier:  9 VAC 20-60-264.B; 40 CFR 264.14(b)(2) 


An artificial or natural barrier (e.g., a fence in good repair or a fence combined with a cliff), that completely surrounds the active portion of the facility; and

F-1a(2)(b)
Means to Control Entry:   9 VAC 20-60-264.B; 40 CFR 264.14(b)(ii)) 


A means to control entry, at all times, through the gates or other entrances to the active portion of the facility (e.g., an attendant, television monitors, locked entrance, or controlled roadway access to the facility).


F-1a(3)

Warning Signs:   9 VAC 20-60-264.B; 40 CFR 264.14(c)


The facility must have a sign with the legend, "Danger - Unauthorized Personnel Keep Out", which must be posted at each entrance to the active portion of the facility and at other locations, in sufficient numbers to be seen from any approach to this active portion.  The legend must be written in English and in any other language predominant in the area surrounding the facility and must be legible from a distance of at least 25 feet.  Existing signs with a legend other than "Danger - Unauthorized Personnel Keep Out" may be used if the legend on the sign indicates that only authorized personnel are allowed to enter the active portion, and that entry onto the active portion can be dangerous.


F-1b

Waiver:   9 VAC 20-60-264.B; 40 CFR 264.14(a) 


If a waiver of the security procedures and equipment requirements is requested, the owner or operator must demonstrate the following:


F-1b(1)

Injury to Intruder:   9 VAC 20-60-264.B; 40 CFR 264.14(a)(1) 


Physical contact with the waste, structure, or equipment within the active portion of the facility will not injure unknowing or unauthorized persons or livestock that may enter the active portion of a facility; and

F-1b(2)

Violation Caused By Intruder: 9 VAC 20-60-264.B; 40 CFR 264.14(a)(2) 


Disturbance of the waste or equipment by the unknowing or unauthorized entry of persons or livestock onto the active portion of a facility will not cause a violation of the requirements of this part.


F-2

Inspection Schedules: 9 VAC 20-60-264 and 1010.B.; 40 CFR 264.15


F-2a

General Inspection Requirements: 9 VAC 20-60-264 and 1010.B.; 40 CFR 264.15(a) and (b), 264.33


Describe the facility schedule for inspection of monitoring equipment, safety and emergency equipment, security devices, and operating and structural equipment that are vial to prevent, detect, or respond to environmental or human health hazards.  The schedule must be kept at the facility.


F-2a(1)

Types of Problems:  9 VAC 20-60-264.B; 40 CFR 264.15(b)(3)  


The schedule must identify the types of problems to look for during the inspection.


F-2a(2)

Frequency of Inspections: 9 VAC 20-60-264.B; 40 CFR 264.15(b)(4)  


Describe the frequency of inspection for items on the schedule.  The frequency of inspection should be based on the rate of possible deterioration of equipment and the probability of an environmental or human health incident if the deterioration, malfunction, or operator error goes undetected between inspections.  Areas subject to spills, such as loading and unloading areas, and major features of the site (such as dikes, retention ponds, application rates and general site appearance) must be inspected daily when in use.


F-2b

Specific Process Inspection Requirements: 9 VAC 20-60-264 and 1010.B.5; 40 CFR 264.15(b)(4)


F-2b(1)

Container Inspection: 9 VAC 20-60-264; 40 CFR 264.174 


Document weekly inspections of containers and container storage area for deterioration caused by corrosion or other factors.


F-2b(2)

Tank System Inspection:  9 VAC 20-60-264; 40 CFR 264.195


F-2b(2)(a)
Tank System External Corrosion and Releases:  9 VAC 20-60-264; 40 CFR 264.195(b)(1)


Demonstrate that the above-ground portions of the tank system are inspected daily to detect external corrosion or releases of waste.


F-2b(2)(b)
Tank Construction Materials and Surrounding Area:   9 VAC 20-60-264; 40 CFR 264.195(b)(3)


Demonstrate that the construction materials and area immediately surrounding the externally accessible portion of the tank system, including the secondary containment system (e.g., dikes) are inspected daily to detect erosion or signs of releases of hazardous waste (e.g., wet spots, dead vegetation).


F-2b(2)(c)
Tank Overfilling Control Equipment:   9 VAC 20-60-264; 40 CFR 264.195(a)


Develop a schedule for inspecting overfilling control equipment (e.g., waste-feed cut-off systems and bypass systems) to ensure good working order (daily) and demonstrate that it will be followed.


F-2b(2)(d)
Tank Monitoring and Leak Detection Equipment:   9 VAC 20-60-264; 40 CFR 264.195(b)(2)


Demonstrate that the data gathered from monitoring equipment and leak detection equipment(e.g., pressure and temperature gauges, monitoring wells) where present, is inspected daily to ensure that the tank is operated according to design specifications.


F-2b(2)(e)
Tank System Cathodic Protection:   9 VAC 20-60-264; 40 CFR 264.195(c)


Demonstrate that the proper operation of the cathodic protection system (if present) for underground tanks is confirmed within 6 months after installation and annually thereafter.  Demonstrate that all sources of impressed current are inspected and/or tested, as appropriate, at least bimonthly.


F-2b(3)

Waste Pile Inspection:   9 VAC 20-60-264; 40 CFR 264.254(b)


Describe how each waste pile, while in operation, will be inspected weekly and after storms to detect evidence of any of the following:


F-2b(3)(a)
Run-on and Run-off Control System:   9 VAC 20-60-264; 40 CFR 264.254(b)(1)


Deterioration, malfunctions, or improper operation of run-on and run-off control systems.


F-2b(3)(b)
Wind Dispersal System:    9 VAC 20-60-264; 40 CFR 264.254(b)(1)


Proper functioning of wind dispersal control systems, where present.


F-2b(3)(c)
Leachate Collection and Removal System:    9 VAC 20-60-264; 40 CFR 264.254(b)(3) and (c)


The presence of leachate in and proper functioning of leachate collection and removal systems.


F-2b(4)

Surface Impoundment Inspection: 9 VAC 20-60-264 and 1010.K.3.c.; 40 CFR 264.226(b) and (c)


Document inspection procedures for the following:


F-2b(4)(a)
Condition Assessment: 9 VAC 20-60-264; 40 CFR 264.226(b)


Describe how each surface impoundment, while in operation, will be inspected weekly and after storms to detect evidence of any of the following:


F-2b(4)(a)(1) 
Overtopping Control System: 9 VAC 20-60-264; 40 CFR 264.226(b)(1)


Deterioration, malfunctions, or improper operation of overtopping control system.


F-2b(4)(a)(2)  
Impoundment Contents: 9 VAC 20-60-264; 40 CFR 264.226(b)(2)


Sudden drop in the level of the impoundment contents.


F-2b(4)(a)(3) 
Dikes and Containment Devices:  9 VAC 20-60-264; 40 CFR 264.226(b)(3)


Severe erosion or other signs of deterioration in dikes or other containment devices.


F-2b(4)(b)
Structural Integrity:   9 VAC 20-60-264; 40 CFR 264.226(c)


Specify the procedure to be followed for assessing the structural integrity of the surface impoundment dike, including that portion of any dike which provides freeboard.  These procedures must demonstrate compliance with the following regulation.  Prior to issuance of the permit, and after any extended period of time during which the impoundment was not in service, the owner or operator must obtain a certification from a qualified engineer.  The certification must establish that the dikes will withstand the stress of the pressure exerted by the types and amount of wastes to be placed in the impoundment and will not fail due to scouring or piping without dependence on any liner system included in the surface impoundment construction.


F-2b(5)

Incinerator Inspection:    9 VAC 20-60-264; 40 CFR 264.347


Document the daily or weekly inspection procedures used by the facility owner or operator with respect to the following:


F-2b(5)(a)
Incinerator and Associated Equipment:    9 VAC 20-60-264; 40 CFR 264.347(b)


Describe the procedures for daily visual inspections of the incinerator and associated equipment for leaks, spills, fugitive emissions, and signs of tampering.


F-2b(5)(b)
Incinerator Waste Feed Cut-off System and Associated Alarms:    9 VAC 20-60-264; 40 CFR 264.347(c)


Describe the procedures for testing the emergency waste feed cut-off system and associated alarms.  Testing must be conducted on a weekly basis unless a demonstration can be made that the weekly frequency is unduly restrictive and that less frequent inspections will be adequate.  At a minimum, operational testing must be conducted monthly.


F-2b(6)

Landfill Inspection: 9 VAC 20-60-264; 40 CFR 264.303(b)


Demonstrate that while the landfill is in operation it will be inspected weekly and after storms to detect evidence of any of the following:


F-2b(6)(a)
Run-on and Run-off Control System: 9 VAC 20-60-264; 40 CFR 264.303(b)(1)


Deterioration, malfunctions, or improper operation of run-on and run-off control systems.


F-2b(6)(b)
Wind Dispersal Control System:  9 VAC 20-60-264; 40 CFR 264.303(b)(2)


Proper functioning of wind dispersal control systems, where present.


F-2b(6)(c)
Leachate Collection and Removal System: 9 VAC 20-60-264; 40 CFR 264.303(c)


The presence of leachate in and proper functioning of leachate collection and removal systems.


F-2b(7)

Land Treatment Facility Inspection: 9 VAC 20-60-264; 40 CFR 264.273(g)


Describe how the land treatment facility units will be inspected weekly and after storms to detect evidence of the following:


F-2b(7)(a)
Run-on and Run-off Control System:  9 VAC 20-60-264; 40 CFR 264.273(g)(1)


Deterioration, malfunctions, or improper operation of run-on and run-off control systems.


F-2b(7)(b)
Wind Dispersal Control System:  9 VAC 20-60-264; 40 CFR 264.273(g)(2)


Improper functioning of wind dispersal control measures.


F-2b(8)

Miscellaneous Unit Inspection: 9 VAC 20-60-264 and 1010.B.5.; 40 CFR 264.602


Provide an inspection program that ensures compliance with the standards specified in D-8.


F-2b(9)

Boilers and Industrial Furnaces (BIF) Inspections: 9 VAC 20-60-264 and 266; 40 CFR 264.15, 266.102(a)(2)(ii), 266.102(e)(8), 266.111(e)(3)


Demonstrate that the BIF will be subject to thorough visual inspections when it contains hazardous waste (at least daily) for signs of leaks, spills, fugitive emissions and tampering.


Automatic waste feed cut-off systems must be tested at least once every 7 days when hazardous waste is burned, unless the applicant demonstrates that weekly inspections unduly upset operations.  At a minimum, testing must be conducted once every 30 days.  A description of the waste feed cut-off system testing procedures must be included.


Demonstrate that the owner/operator will inspect direct transfer areas at least once each operating hour when hazardous waste is being transferred from the transport vehicle or container to the BIF.


F-3

Waiver or Documentation of Preparedness and Prevention: 9 VAC 20-60-264 and 1010.B.; 40 CFR 264.32(a) through (d)


F-3a

Equipment Requirements: 9 VAC 20-60-264 and 1010.B.6.; 40 CFR 264.32


Demonstrate that the facility possesses the equipment listed below.  (The location, description, and capabilities of this equipment must be provided in the Contingency Plan, Section G-5).  Requests for a waiver of part or all of this requirement must be accompanied by a demonstration that none of the hazards posed by waste handled at the facility could require a particular kind of equipment.


F-3a(1)

Internal Communications: 9 VAC 20-60-264; 40 CFR 264.32(a)


An internal communications or alarm system capable of providing immediate emergency instruction (voice or signal) to facility personnel.


F-3a(2)

External Communications: 9 VAC 20-60-264; 40 CFR 264.32(b)


A device, such as a telephone (immediately available at the scene of operations) or a handled two-way radio, for summoning emergency assistance from local police departments, fire departments, or state or local emergency response teams.


F-3a(3)

Emergency Equipment:  9 VAC 20-60-264; 40 CFR 264.32(c)


Portable fire extinguishers, fire control equipment (including special extinguishing equipment, such as that using foam, inert gas, or dry chemicals), spill control equipment, and decontamination equipment.


F-3a(4)

Water for Fire Control:  9 VAC 20-60-264; 40 CFR 264.32(d)


Water at adequate volume and pressure to supply water hose streams, foam producing equipment, automatic sprinklers, or water spray systems.


F-3b

Aisle Space Requirement:   9 VAC 20-60-264; 40 CFR 264.35


Demonstrate that the facility maintains sufficient aisle space to allow the unobstructed movement of personnel, fire protection equipment, or spill control equipment to any area of facility operation in an emergency.  Requests for a waiver of the aisle space requirement must be accompanied by a demonstration that aisle space is not needed for any, or all, of these purposes.


F-4

Preventive Procedures, Structures, and Equipment: 9 VAC 20-60-1010.B.8.


Describe procedures, structures, or equipment used at the facility for the following:


F-4a

Unloading Operations: 9 VAC 20-60-1010.B.8.a.


Prevention of hazards in unloading operations (e.g., use of ramps or special forklifts).


F-4b

Run-off: 9 VAC 20-60-1010.B.8.b.


Prevention of run-off from hazardous waste handling areas to other areas of the facility or environment, or prevention of flooding (e.g., berms, dikes, trenches).


F-4c

Water Supplies: 9 VAC 20-60-1010.B.8.c.


Prevention of contamination of water supplies.


F-4d

Equipment and Power Failure: 9 VAC 20-60-1010.B.8.d.


Mitigation of effects of equipment failure and power outage.


F-4e

Personnel Protection Equipment: 9 VAC 20-60-1010.B.8.e.


Prevention of undue exposure of personnel to hazardous waste (e.g., protective clothing).


F-5

Prevention of Reaction of Ignitable, Reactive, or Incompatible Waste: 9 VAC 20-60-1010.B.9.


F-5a

Precautions to Prevent Ignition or Reaction of Ignitable or Reactive waste: 9 VAC 20-60-264 and 1010.B.9.; 40 CFR 264.17(a)


Describe the precautions taken by a facility that handles ignitable or reactive waste to prevent actual ignition, including separation from sources of ignition such as open flames, smoking, cutting and welding, hot surfaces, frictional heat, sparks (static, electrical, or mechanical), spontaneous ignition (e.g., heat-producing chemical reactions), and radiant heat.  Demonstrate that when ignitable or reactive waste is being handled, the owner or operator confines smoking and open flames to specially designated locations.  "NO SMOKING" signs must be conspicuously placed wherever a hazard exists from ignitable or reactive waste.


F-5b

General Precautions for Handling Ignitable or Reactive Waste and Mixing of Incompatible Waste: 9 VAC 20-60-264 and 1010.B.9.; 40 CFR 264.17(b)


Describe the precautions taken by a facility that treats, stores, or disposes of ignitable or reactive waste, or accidentally mixes incompatible waste or incompatible wastes and other materials, to prevent reactions which:  (1) generate extreme heat or pressure, fire or explosions, or violent reactions; (2) produce uncontrolled flammable fumes, dusts, or gases in sufficient quantities to threaten human health or the environment; (3) produce uncontrolled flammable fumes or gases in sufficient quantities to pose a risk of fire or explosions; (4) damage the structural integrity of the device or facility; (5) by similar means threaten human health or the environment.


F-5c

Management of Ignitable or Reactive Wastes in Containers: 9 VAC 20-60-264 and 1010.K.1.b.; 40 CFR 264.176


Provide sketches, drawings, or data demonstrating that containers of ignitable or reactive waste are located at least 15 meters (50 feet) from the facility's property line.


F-5d

Management of Incompatible Wastes In Containers: 9 VAC 20-60-264 and 1010.K.1.c.; 40 CFR 264.177


Describe the procedures used to ensure that incompatible wastes and materials are not placed in the same containers or in an unwashed container that previously held incompatible waste.  If a storage container holds a hazardous waste that is incompatible with any waste or other materials stored nearby in other containers, piles, open tanks, or surface impoundments, document that the wastes are separated from the other material or protected from them by means of a dike, berm, wall or other device.


F-5e

Management of Ignitable or Reactive Wastes in Tanks: 9 VAC 20-60-264 and 1010.K.1.j.; 40 CFR 264.198


Describe the operational procedures used for storing such wastes in tanks that includes specific information on:  (1) how the waste is treated, rendered, or mixed before or immediately after the placement in the tank so that it is no longer considered ignitable and complies with 264.17(b); or the waste is stored or treated in such a way that it is protected from any material or conditions that may cause the waste to react or ignite; or the tank is used solely for emergencies; (2) how facilities that treat or store ignitable or reactive waste in covered tanks comply with the National Fire Protection Association's buffer zone requirements for tanks.


F-5f

Management of Incompatible Wastes in Tanks: 9 VAC 20-60-264 and 1010.K.2.j.; 40 CFR 264.199


Certify that incompatible wastes and materials are not stored in the same tank or in an unwashed tank that previously held an incompatible waste or material.


F-5g

Management of Ignitable or Reactive Wastes Placed in Waste Piles: 9 VAC 20-60-264 and 1010.K.4.g.; 40 CFR 264.256


If ignitable or reactive wastes are to be placed in the waste pile, provide a description of how the wastes will be mixed, treated or otherwise rendered nonignitable and/or nonreactive.  Alternately, describe the procedures for managing the waste in such a way that it is protected from any material or conditions which may cause it to ignite or react.


F-5h

Management of Incompatible Wastes Placed in Waste Piles:  9 VAC 20-60-264 and 1010.K.4.h.; 40 CFR 264.257


If incompatible wastes, or incompatible wastes and materials are to be placed in the waste pile, provide a demonstration that such activities will not:


-  Generate extreme heat or pressure, fire, explosions, or violent reactions;


-  Produce uncontrolled toxic or flammable emissions in significant quantities;


-  Damage the unit's structural integrity; or


-  Otherwise threaten human health or the environment.


This demonstration must be thoroughly documented.


F-5i

Management of Ignitable or Reactive Wastes Placed in Surface Impoundments:  9 VAC 20-60-264 and 1010.K.3.g.; 40 CFR 264.229


Except for surface impoundments to be used solely for emergencies, if ignitable or reactive wastes are to be placed in the surface impoundment, provide a description of how the wastes will be mixed, treated or otherwise rendered non-ignitable and/or non-reactive.  Alternatively, describe the procedures for managing the waste in such a way that it is protected from any material or conditions which may cause it to ignite or react.


F-5j

Management of Incompatible Wastes Placed in Surface Impoundments:  9 VAC 20-60-264 and 1010.K.3.h.; 40 CFR 264.229


If incompatible wastes, or incompatible wastes and materials are to be placed in the surface impoundment, provide a demonstration that such activities will not:


-  Generate extreme heat or pressure, fire, explosions, or violent reactions;


-  Produce uncontrolled toxic or flammable emissions in significant quantities;


-  Damage the unit's structural integrity; or


-  Otherwise threaten human health or the environment.


This demonstration must be thoroughly documented.


F-5k

Management of Ignitable or Reactive Wastes Placed in Landfills:  9 VAC 20-60-264 and 1010.K.7.f.; 40 CFR 264.312


If ignitable or reactive wastes are to be placed in the landfill, provide a description of how the wastes will be mixed, treated, or otherwise rendered nonignitable and/or nonreactive.  Alternately, describe the procedures for managing the waste in such a way that it is protected from any material or conditions which may cause it to ignite or react.


F-5l

Management of Incompatible Wastes Placed in Landfills:  9 VAC 20-60-264 and 1010.K.7.g.; 40 CFR 264.313


If incompatible wastes, or incompatible wastes and materials are to be placed in the landfill, provide a demonstration that such activities will not:


-  Generate extreme heat or pressure, fire, explosions, or violent reactions;


-  Produce uncontrolled toxic or flammable emissions in significant quantities;


-  Damage the unit's structural integrity; or


-  Otherwise threaten human health or the environment.


This demonstration must be thoroughly documented.


F-5m

Management of Ignitable or Reactive Wastes Placed in Land Treatment Units:   9 VAC 20-60-264 and 1010.K.6.g.; 40 CFR 264.281


If ignitable or reactive wastes are to be placed in the land treatment unit, provide a description of how the wastes will be mixed, treated or otherwise rendered nonignitable and/or nonreactive.  Alternately, describe the procedures for managing the waste in such a way that it is protected from any material or conditions which may cause it to ignite or react.


F-5n

Management of Incompatible Wastes Placed in Land Treatment Units: 9 VAC 20-60-264 and 1010.K.6.h.; 40 CFR 264.282


If incompatible wastes, or incompatible wastes and materials are to be placed in the land treatment unit, provide a demonstration that such activities will not:


-  Generate extreme heat or pressure, fire, explosions, or violent reactions;


-  Produce uncontrolled toxic or flammable emissions in significant quantities;


-  Damage the unit's structural integrity; or


-  Otherwise threaten human health or the environment.


This demonstration must be thoroughly documented.


F-5o

Management of Incompatible Wastes in Containment Buildings:  9 VAC 20-60-264; 40 CFR 264.1101(a)(3)
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E.

GROUNDWATER MONITORING

E-1

Exemption from Groundwater Protection Requirements: 9 VAC 20-60-1010.L.


If a waiver from the 40 CFR 264 Subpart F groundwater monitoring requirements is requested, the owner or operator must demonstrate that one of the following conditions applies to the facility.


E-1a

Waste Piles: 9 VAC 20-60-264 and 1010.K.4.b.; 40 CFR 264.90(b)(2) and (5)


Demonstrate that the waste pile is designed and operated to meet the conditions specified in D-3b(1), D-3b(2), or D-3l, respectively.)


E-1b

Landfill:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)


Demonstrate that the landfill is designed and operated to meet the conditions specified in D-6b.


E-1c

No Migration:  9 VAC 20-60-264; 40 CFR 264.90(b)(4)


Demonstrate that there is no potential for migration of liquid from a regulated unit to the uppermost aquifer during the active life of the regulated unit (including the closure period) and the post-closure care period.  (Predictions must be based on assumptions that maximize the rate of liquid migration.)  This demonstration must be certified by a qualified geologist or geotechnical engineer.


E-2

Interim Status Period Groundwater Monitoring Data:  9 VAC 20-60-265and 1010.K.4.b.; 40 CFR 265.90 - 265.94


Existing facilities must provide a summary of the groundwater monitoring data obtained during interim status period including:


E-2a

Description of Wells:  9 VAC 20-60-265; 40 CFR 265.91



A copy of the topographic map provided for in Section 1010.I. on which the location and identification of each interim status monitoring well is indicated.



An indication of which wells are downgradient of the disposal area, and which are upgradient.



Details of the design and construction of each interim status monitoring well (e.g., screen and  casing depths, water levels at the time of drilling, any water level changes within 24 hours, filter pack and sealing materials placement, dates of construction, boring logs, etc).



E-2b

Description of Sampling/Analysis Procedure: 9 VAC 20-60-265; 40 CFR 265.92



A copy of the facilitys groundwater sampling and analysis plan (required under 265.92(a)) This includes the procedures used and the protocol followed in:



sample collection,



sample preservation and shipment,



analytical procedures,



chain-of-custody control.




E-2c

Monitoring Data: 9 VAC 20-60-265; 40 CFR 265.92


Provide all interim status monitoring results, including the following:



Copies of each quarterly (from first year) analytical results for each well;



Copies of subsequent (annual or semi-annual) analytical results for each well;



Copies of any notifications of significant change in analysis parameters made to the Director pursuant to 265.93



Results of groundwater surface elevation measurements for each sampling event; and



Calculations of the initial background arithmetic mean and variance for each indicator parameter based on replicated measurements from upgradient wells during the first year.


E-2d

Statistical Procedures: 9 VAC 20-60-265; 40 CFR 265.93


Provide information related to statistical procedures, including the following:



A description of the statistical procedures used (if applicable) in processing the data submitted (as in the use of  a Students t-test and the level of significance used); and



Results of statistical comparisons between upgradient and downgradient well sampling results and first year background values for each indicator parameter.


E-2e

Groundwater Assessment Plan: 9 VAC 20-60-265; 40 CFR 265.93(d)(2)


If required, based on statistical comparison results, provide the specific plan for a groundwater quality assessment program along with the results obtained from implementation of the plan.  Where required, include results of the following determination made under the groundwater quality assessment (considering at a minimum, the hazardous constituents listed in Appendix VIII to 40 CFR Part 261):



Whether hazardous waste or hazardous waste constituents have entered the groundwater;



The rate and extent of migration of hazardous waste or hazardous waste constituents in the groundwater; and



The concentration of hazardous waste or hazardous waste constituents in the groundwater.


E-3

General Hydrogeologic Information: 9 VAC 20-60-1010.L.2.


Identify the uppermost aquifer and any hydraulically interconnected aquifers (i.e., all likely subsurface flow paths for the hazardous constituents that may leak from the facility), and describe their hydrogeologic properties (e.g., hydraulic gradient, groundwater flow, rate, and direction); provide the supporting data used to identify this information (i.e., the information obtained from hydrogeologic investigations of the facility area).  This identification must include a report written by a qualified hydrogeologist on the hydrogeologic characteristics of the facility property supported by at least the drilling logs of on-site borings and wells and the available professional literature.  Include a description of the regional geologic and hydrogeologic setting.  In addition, include the following site-specific data:



An analysis of topographic or geomorphic features that might influence the groundwater flow system;



A classification and description of the hydrogeologic properties (hydraulic conductivity, porosity, texture, thickness, etc.) Of all of the hydrogeologic units found at the site (i.e., the aquifers and any intervening saturated and unsaturated units);



Using the 1010.I. topographic map as a base, isopach and structural contour maps and/or geologic cross sections showing the extent of the hydrologic units contained in the uppermost aquifer, and any intervening aquitards or other units within the facility boundary; and



A description of the field methods used in the study, and a summary of which data were collected by each method.


E-4

Topographic Map Requirements: 9 VAC 20-60-1010.L.2., 3., and 4.a.


Unless exempt from groundwater monitoring requirements, surface impoundments, waste piles, land treatment, and landfill facilities must include the following information on the topographic map:



Groundwater flow direction and rate (isometric graph);



Point of compliance;



Groundwater monitoring wells;



The extent of any plume (horizontal and vertical);



Hazardous waste management area; and



Property boundary.


The required information may be incorporated into the topographic map, if possible, or at least should be discussed in text:



Boundaries of uppermost aquifer; and



Underlying connection between uppermost aquifer and lower aquifer.


Although these items can be shown on a single map, it is allowable to use additional maps to display some of the information.  (Presentation of all information on a single map may sacrifice clarity.)


E-5 

Contaminant Plume Description: 9 VAC 20-60-1010.L.2., 4., and 7.b.; 40 CFR Part 261 Appendix VIII


For existing facilities suspected of contaminating groundwater, provide a description of any plume of contamination that has entered the groundwater from a regulated unit at the time the application is submitted that:



Delineates the extent of the plume on the topographic map of 1010.I.;



Identifies the concentration of each constituent listed in 40 CFR Part 261 Appendix VIII throughout the plume or identifies the maximum concentration of each Appendix VIII constituent in the plume; and



Delineates the vertical extent of the plume in cross section.


This requirement is applicable to all existing facilities where interim status monitoring shows the presence of hazardous constituents downgradient from the regulated units, unless it can be proven that such constituents are coming from another source.  In addition, this requirements may be applied to other existing facilities where interim status monitoring data are non-existent or deficient if these facilities are suspected of contaminating groundwater, or if the Director determines that a facilitys interim status monitoring program is incapable of determining whether hazardous constituents have entered groundwater from a regulated unit.  (Note: In some cases, contaminent plumes may be defined under groundwater quality assessment programs carried out during the interim status period as required by 265.93(d).  Normally, such assessment programs do not address the complete list of Appendix VIII constituents as required under 1010.L.4.  Additional monitoring will be required to identify the concentration of each Appendix VIII constituent in the plume.)


E-6

General Monitoring Program Requirements: 9 VAC 20-60-264 and 1010.L.5.; 40 CFR 264.97 and 264.90(b)(4)


Provide detailed plans and an engineering report describing the proposed groundwater monitoring program to meet the general groundwater monitoring requirements.  The following information is required:


E-6a

Description of Wells: 9 VAC 20-60-264; 40 CFR 264.97(a), (b), and (c)



Number of wells;



Locations;



Depths;



Material of construction (casing, screens, etc.)



Assurance of unaffected background groundwater measurement, and;



Assurance of compliance point groundwater measurement.


E-6b

Description of Sampling/Analysis Procedures: 9 VAC 20-60-264; 40 CFR 264.97(d), (e), and (f)



Sample collection methods;



Sample preservation/shipment;



Analytical procedures;



Chain-of-custody control;



Documentation of proper sampling and analysis procedures; and



Procedure for determination of groundwater elevation with each sample. 


E-6c

Procedures for Establishing Background Quality: 9 VAC 20-60-264; 40 CFR 264.97(a)(1), 264.97(g) 



Groundwater samples must be representative of background quality not affected by releases from the regulated unit;



Background groundwater quality must be established for each monitoring parameter or constituent;



Procedures for establishing background quality include wells not hydraulically upgradient of the waste management area where:


-
upgradient cannot be determined due to hydrogeologic conditions,


-
other wells provide background groundwater quality that is representative or more representative of background than upgradient wells.


E-6a

Statistical Procedures: 9 VAC 20-60-264; 40 CFR 264.97(h), 264.97(i)(1), (5) and (6)


Provide a description of the statistical procedures that will be used in evaluating groundwater monitoring data.  The following statistical methods [E-6d(1) - (5)] have been approved for use in evaluating groundwater monitoring data for each hazardous constituent.  The description provided must demonstrate compliance with the following standards:



Test should be conducted separately for each hazardous constituent in each well;



Method should be appropriate for the distribution of chemical parameters of hazardous constituents.  More that one method may be needed if distributions differ;



Method must account for data below detection limit;



Any practical quantitation limit (PQL) used in the method shall be the lowest concentration level within levels of precision and accuracy for routine lab operations; and



Method shall include procedures to control or correct for seasonal and spatial variability and temporal correlation in data.


E-6d(1)

Parametric Analysis of Variance (ANOVA): 9 VAC 20-60-264; 40 CFR 264.97(h)(1), 264.97(i)(2)


ANOVA followed by multiple comparisons procedures:



Include estimation and testing of contrasts between compliance wells mean and the background mean levels for each constituent.



If using individual well comparison procedure, Type 1 error level of no less than 0.01 shall be maintained.  If using multiple comparison procedure, Type 1 error level of no less than 0.05 for each testing period must be used.


E-6d(2)  
Non-Parametric ANOVA (Based on Ranks:  9 VAC 20-60-264; 40 CFR 264.97(h)(2), 264.97(i)(2)


ANOVA based on Ranks followed by multiple comparison procedures:



Estimation and testing for each compliance wells median and background median levels for each constituent.



If using individual well comparison procedure, Type 1 error level of no less than 0.01 shall be maintained.  If using multiple comparison procedure, Type 1 error level of no less than 0.05 for each testing period must be used.


E-6d(3)

Tolerance or Prediction Interval Procedure:  9 VAC 20-60-264; 40 CFR 264.97(h)(3), 264.97(i)(4)



Establish interval for each constituent based on distribution of background data;



Compare level of each constituent in each compliance well to the upper tolerance prediction limit; and



Prepare levels of confidence and/or percentage of the population that the interval must contain considering the number of samples in the background data base, data distribution, and range of concentration values for each constituent of concern.


E-6d(4)

Control Chart Approach:  9 VAC 20-60-264; 40 CFR 264.97(h)(1), 264.97(i)(2)



Control limits for each constituent; and



Specify the type of control chart and associated parameter values.


E-6d(5)

Alternative Approach:  9 VAC 20-60-264; 40 CFR 264.97(h)(5), 264.97(i)


An alternative approach can be proposed that complies with all performance standards set forth in 264.97(i).


E-7

Detection Monitoring Program: 9 VAC 20-60-264 and 1010.L.6.; 40 CFR 264.91(a)(4), 264.98


Provide sufficient information, supporting data, and analyses documenting the absence of hazardous constituents in the groundwater to support the implementation of a detection monitoring program at the present time.


E-7a

Indicator Parameters, Waste Constituents, Reaction Products to be Monitored: 9 VAC 20-60-264 and 1010.L.6.a.; 40 CFR 264.98(a)


Supply a list of indicator parameters, waste constituents, or reaction products that can provide a reliable indication of the presence of hazardous constituents in the groundwater.  Provide the following information:



Type, quantity, and concentrations of constituents expected in wastes managed at the regulated unit(s)



Mobility, stability, persistence of waste constituents, or their reaction products in the groundwater; and



Detectablity of indicator parameters, waste constituents, or their reaction products in the groundwater; and



Concentration or values and coefficients of variation of proposed parameters in the background groundwater.


E-7b

Groundwater Monitoring System: 9 VAC 20-60-264 and 1010.L.6.b.; 40 CFR 264.97(a)(2), 264.97(b), 264.97(c), 264.98(b)


Describe the individual elements of the monitoring system to be used during detection monitoring.  Identify the number, location, and depth of each well, and describe the well construction materials.


E-7c

Background Groundwater Concentration Values for Proposed Parameters: 9 VAC 20-60-264 and 1010.L.6.c.; 40 CFR 264.97(g)(1), 264.97(g)(2), 264.98(c)


Demonstrate that the following procedures will be used:



Use of an appropriate groundwater monitoring system, to establish background specifying the number and type of samples for each hazardous constituent appropriate for the statistical test employed;



Sampling procedure shall be a sequence of at least four samples from each well in the entire system at an interval assuring an independent sample relative to the uppermost aquifers porosity, hydraulic conductivity, hydraulic gradient, and fate and transport characteristics of the potential contaminants, but at least semi-annually; or 



Alternative sampling procedure to be approved by the Director.


E-7d

Proposed Sampling and Analysis Procedure: 9 VAC 20-60-264 and 1010.L.6.d.; 40 CFR 264.97(f), 264.98(d), (e) and (f)


Provide a description of the proposed sampling and analysis procedures, including the following information:



Documentation of proper sampling and analysis procedures;



Procedures for determining groundwater elevation;



Procedures for determining statistically significant increases for any monitored parameter;



At least four samples from each compliance and background well semi-annually; and



Procedure for annual determination of uppermost aquifer flow rate and direction.


E-7e

Statistically Significant Increase in Any Constituent or Parameter Identified at Any Compliance Point Monitoring Well:  9 VAC 20-60-264; 40 CFR 264.98(g), Appendix IX (Part 264)


Document that the following procedures will be implemented if there is statistically significant evidence of contamination for any constituent or parameter at any compliance point monitoring well:



Notify the Director of this finding in writing within seven days;



Immediately sample all wells for Appendix IX constituents, and if necessary, resample within one month and repeat analysis for those compounds detected;



Submit a compliance monitoring plan meeting the requirements of 264.99 within 90 days;



Submit engineering feasibility plan within 180 days for a corrective action program unless all constituents identified are listed in 790.E., Table 10.5-1 and their concentrations do not exceed respective values in that table or ACLs have been approved; and



If appropriate, submit a demonstration that a source other than the regulated unit caused the contamination.


E-8

Compliance Monitoring Program:   9 VAC 20-60-264 and 1010.L.7.; 40 CFR 264.99


If the presence of hazardous constituents has been detected in the groundwater at the point of compliance at the time of permit application, submit the following information.


E-8a

Description of Monitoring Program:  


E-8a(1)      
Waste Description: 9 VAC 20-60-1010.L.7.a.


Provide description of the wastes previously handled at the facility.  This description must include:



Historical records of the volume, types (including EPA ID number, if applicable), and the chemical composition of waste placed in units in the waste management areas;



The results of any direct sampling of the waste (see Test Methods for the Evaluation of Solid Waste, Physical/Chemical Methods, SW-846);



A list of constituents that are reasonably expected to be in or derived from the waste; and



Identification of the dominant constituents expected to be present, and their relative abundance.


If it is expected that some of the constituents may form a separate, immiscible fluid, the composition of this fluid and its viscosity and density must be included in the application.


E-8a(2)

Characterization of Contaminated Groundwater: 9 VAC 20-60-1010.L.7.b.


Provide a characterization of the contaminated groundwater including the concentration of the identified hazardous constituents.  For each well at the point of compliance, and for each background well, provide the following information:



Concentrations of each constituent in 40 CFR Part 261 Appendix VIII;



Concentrations of major anions and cations; and



Concentrations of the constituents listed in Table 1 of 264.94, if not already determined by the above.


E-8a(3)      
Hazardous Constituents to Monitored in the Compliance Program: 9 VAC 20-60-264 and 1010.L.7.c.; 40 CFR 264.99(a)(1), 264.98(g)(3)


Specify the hazardous constituents for which the owner/operator proposes to monitor and present a rationale for selecting these constituents.  The owner/operator may resample within one month and repeat the analysis for constituents detected.  Constituents identified in both analyses will form the basis for the compliance monitoring plan.


E-8a(4)     
Concentration Limits: 9 VAC 20-60-264 and 1010.L.7.d.; 40 CFR 264.94, 264.97(g) and (h), 264.99(a)(2)


Specify the proposed concentration limits for each hazardous constituent.  (The proposed concentration limit must not exceed the value of that constituent, listed in Table1 of 264.94, entitled Maximum Concentrations of Constituents for Groundwater Protection or the present background level of the constituent in groundwater; whatever is greater.  If petitioning the Director to establish alternate concentration limits, the owner/operator must supply the information identified in comment E-8a(5).)  Specify conditions warranting special sampling procedures.


Describe procedures for establishing background concentration values for constituents that are based on:



Use of any appropriate groundwater monitoring system;



Data that is available prior to permit issuance;



Data that accounts for measurement errors in sampling and analysis;



Data that accounts for seasonal groundwater quality fluctuations; and



Data from a minimum of four samples per well collected at least semi-annually during the compliance period.


E-8a(5)

Alternate Concentration Limits: 9 VAC 20-60-264 and 1010.L.7.d.; 40 CFR 264.94(b), 264.99(a)(2)


  

Provide justification for establishing alternate concentration limits.  This justification must address each of the following factors.


E-8a(5)(i)
Adverse Effects on Groundwater Quality: 9 VAC 20-60-264; 40 CFR 264.94(b)(1)


The potential adverse effects on groundwater quality, considering:



The physical and chemical characteristics of the waste in the regulated unit, including its potential for migration;



The hydrogeological characteristics of the facility and surrounding land;



The quantity of groundwater, and the direction of the groundwater flow;



The current and future uses of groundwater in the area;



The existing quality of groundwater, including other sources of contamination and their cumulative impact on the groundwater quality;



The potential for health risks caused by human exposure to waste constituents;



The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents; and



The persistence and permanence of the potential adverse effects.


E-8a(5)(ii)
Potential Adverse Effects: 9 VAC 20-60-264; 40 CFR 264.94(b)(2)


The potential adverse effects on hydraulically-connected surface water quality, considering:



The physical and chemical characteristics of the waste in the regulated unit;



The hydrogeological characteristics of the facility and surrounding land;



The quantity of groundwater, and the direction of the groundwater flow;



The proximity of the regulated unit to surface waters;



The current and future uses of surface waters in the area and any water quality standards established for those surface waters;



The existing quality of surface water, including other sources of contamination and their cumulative impact on the surface water quality;



The potential for health risks caused by human exposure to waste constituents;



The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents; and



The persistence and permanence of the potential adverse effects.


E-8a(6)

Engineering Report Describing Groundwater Monitoring System: 9 VAC 20-60-264 and 1010.L.7.e.; 40 CFR 264.95, 264.97(a)(2), 264.97(c), and 264.99(b)


Provide detailed plans and an engineering report discussing the individual elements of the monitoring system to be used during compliance monitoring.  The plans should identify the number, location, and depth of each well, and describe the casing and construction materials of wells.


E-8a(7)

Proposed Sampling and statistical Analysis Procedures for Groundwater Data: 9 VAC 20-60-264 and 1010.L.7.; 40 CFR 264.97(d), (e) and (f), 264.99(c), (d), (e), (f) and (g)


Provide the following information regarding proposed sampling and statistical analysis procedures for groundwater data:



Compliance period;



Sample collection methods;



Sample preservation/shipment;



Analytical procedures;



Chain-of-custody control;



Documentation of proper sampling and analysis procedures;



Procedures for determining groundwater elevation;



Procedures for annual determination of uppermost aquifer flow rate and direction; and



Annual testing procedures for Appendix IX constituents.


Provide a description of procedures for determining a statistically significant increase for any monitored parameters or hazardous constituents, including the following:



Comparing compliance point using the procedure in 264.97(h) to the concentration limit developed in accordance with 264.94



Collecting at least four samples from each well (compliance and background) at least semi-annually.


E-8a(8)

Groundwater Protection Standard Exceeded at Compliance Point Monitoring Well: 9 VAC 20-60-264; 40 CFR 264.99(h) and (i)


Indicate that the following procedures will be implemented if the groundwater protection standard is exceeded at the compliance point monitoring well:



Submit written notification to the Director;



Submit an application for permit modification to establish a corrective action program meeting the requirements of 264.100 within 180 days, including details of the program to comply with the groundwater protection standard and details of groundwater monitoring to demonstrate the effectiveness of the corrective action program; or



Submit demonstration that concentration limits were exceeded due to a source other than the regulated unit, or due to an error in sampling, analysis, statistical evaluation, or variation in the groundwater.


E-9

Corrective Action Program: 9 VAC 20-60-264 and 1010.L.8.; 40 CFR 264.99(1), 264.100


If hazardous constituents have been measured in the groundwater that exceed the concentration limits established under 264.94, Table 1, or if groundwater monitoring conducted at the time of permit application at the waste boundary indicates the presence of hazardous constituents from the facility in groundwater over background concentrations, the owner or operator must submit sufficient information, supporting data, and analysis to establish a corrective action program that meets the requirements of 264.100.  (However, an owner or operator is not required to submit information to establish a corrective action program if he demonstrated to the Director that alternate concentration limits will protect human health and the environment after considering the criteria listed in 264.94(b))


Submit the following information to establish a corrective action program:


E-9a

Characterization of Contaminated Groundwater: 9 VAC 20-60-1010.L.8.a.


Provide characterization of the contaminated groundwater including the concentration of identified hazardous constituents.  For each well at the point of compliance, and for each background well, provide the following information:



Concentrations of each constituent in 40 CFR 261 Appendix VIII;



Concentrations of major anions and cations; and



Concentrations of the constituents listed in Table 1 of 264.94, if not already determined by the above.




E-9b

Concentration Limits: 9 VAC 20-60-264 and 1010.L.8.b.; 40 CFR 264.94(b) and 264.99(a)(2)


Specify the proposed concentration limits for each hazardous constituent.  (The proposed concentration limit must not exceed the present background level of that constituent in groundwater nor may it exceed the value of that constituent, listed in Table 1 of 264.94, entitled Maximum Concentrations of Constituents for Groundwater Protection or the present background level of the constituent in groundwater; whatever is greater.  If you wish to petition the Director to establish alternate concentration limits than those specified above, you must supply the information identified in comment E-9c.)


E-9c

Alternate Concentration Limits: 9 VAC 20-60-264 and 1010.L.8.b.; 40 CFR 264.94(b) and 264.99(a)(2)


Provide a justification for establishing alternate concentration limits.  This justification must address each of the following factors.


E-9c(1)

Adverse Effects on Groundwater Quality: 9 VAC 20-60-264; 40 CFR 264.94(b)(1)


The potential adverse effects on groundwater quality, considering:



The physical and chemical characteristics of the waste in the regulated unit, including its potential for migration;



The hydrogeological characteristics of the facility and surrounding land;



The quantity of groundwater, and the direction of the groundwater flow;



The proximity and withdrawal rates of groundwater users;



The current and future uses of groundwater in the area;



The existing quality of groundwater, including other sources of contamination and their cumulative impact on the groundwater quality;



The potential for health risks caused by human exposure to waste constituents;



The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents; and



The persistence and permanence of the potential adverse effects.


E-9c(2)

Potential Adverse Effects:  9 VAC 20-60-264; 40 CFR 264.94(b)(2)


The potential adverse effects on hydraulically-connected surface water quality, considering:



The physical and chemical characteristics of the waste in the regulated unit;



The hydrogeological characteristics of the facility and surrounding land;



The quantity and quality of groundwater, and the direction of the groundwater flow;



The patterns of rainfall in the region;



The proximity of the regulated unit to surface waters;



The current and future uses of surface waters in the area and any water quality standards established for those surface waters;



The existing quality of surface water, including other sources of contamination and their cumulative impact on the surface water quality;



The potential for health risks caused by human exposure to waste constituents;



The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents; and



The persistence and permanence of the potential adverse effects.


E-9d

Corrective Action Plan: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


A corrective action program must prevent hazardous constituents from exceeding their respective concentration limits at the compliance point, and between the compliance point and the down gradient facility property boundary.


Provide detailed plans and an engineering report on the corrective actions proposed for the facility.  This information must include identification of the compliance point, a schedule for implementation of corrective action measures, and the following:


E-9d(1)

Location: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


Maps showing the location of engineered barriers, caps, drains and wells, etc. (use the topographic map in Section B-2).


E-9d(2)

Construction Detail: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


Descriptions and engineering drawings of construction details and specifications for any proposed features to contain groundwater or redirect its flow (e.g., engineered barriers, caps, drains, wells).


E-9d(3)

Plans for Removing Wastes: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


If proposed, plans for removing and handling of any hazardous waste.


E-9d(4)

Treatment Technologies: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


A description of the treatment technologies to be used for contaminated groundwater that is pumped or drained from the zone of contamination.


E-9d(5)

Effectiveness of Corrective Action Program: 9 VAC 20-60-264 and 1010.L.8.c. and d .; 40 CFR 264.100(b)


A prediction and sensitivity analysis of the effectiveness of corrective actions.  (For example, anticipated drain flow rates, assuming a range of hydrologic properties).


E-9d(6)

Additional Hydrologic Data: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


A description and summary of any additional hydrogeologic data collected for use in designing the corrective action.


E-9d(7)

Operation and Maintenance: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


Operation and maintenance plans for the corrective action measures.


E-9d(8)

Closure and Post-Closure Plans: 9 VAC 20-60-264 and 1010.L.8.c.; 40 CFR 264.100(b)


If applicable, closure and post-closure plans for the materials used to handle hazardous wastes as part of the corrective action.


E-9e

Groundwater Monitoring Program: 9 VAC 20-60-264 and 1010.L.8.d.; 40 CFR 264.100(d)


Provide a description of the groundwater monitoring program that must be implemented to determine compliance with the concentration limits established in 790.E., and to determine the effectiveness of the corrective action program.  Water quality monitoring must be conducted over the on-site extent of the contaminated groundwater.  Submit the following information:


E-9e(1)

Description of Monitoring System: 9 VAC 20-60-1010.L.7.e. and 1010.L.8.


Provide a description of all elements of the groundwater monitoring system, including:



Number of wells;



Locations;



Depths and screened intervals;



Casing descriptions;



Other well construction details;



Description of how groundwater monitoring program will demonstrate the adequacy of the corrective action.


E-9e(2)

Description of Sampling and Analysis Procedures: 9 VAC 20-60-1010.L.7.f. and 1010.L.8.


Provide a description of all sampling and analysis procedures, including:



Sampling frequency;



Sampling collection;



Sampling preservation and shipment;



Analytical procedures;



Chain-of-custody control;



Procedures for determining groundwater elevation; and



Procedures for annual determination of groundwater flow rate and direction.


E-9e(3)

Monitoring Data and Statistical Analysis Procedures: 9 VAC 20-60-1010.L.f. and 1010.L.8.


Provide a description of all monitoring data and statistical analysis procedures, including:



Procedure for establishing background concentration levels;



Statistical procedures for comparing compliance point data to the concentration limits; and



Statistical procedures for evaluating the effectiveness of the corrective action program between the compliance point and the property boundary.


E-9e(4)

Reporting Requirements: 9 VAC 20-60-264; 40 CFR 264.100(g)


Include that a semi-annual report will be submitted to the Director evaluating the effectiveness of the corrective action program.
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D.

Process Information

D-1

Containers: 9 VAC 20 60-264 and 1010.K.1; 40 CFR 264.170 through 178.


D-1a

Containers with Free Liquids:  


D-1a(1)

Description of Containers: 9 VAC 20 60-264; 40 CFR 264.171 and 172 .


Provide the following information about the containers used to treat/store hazardous waste: approximate number of each type of container, construction materials, dimensions and useable volumes, DOT specifications or other manufacturer specifications, liner specifications, (if applicable), container condition (new, used, reconditioned), and markings, and labels.


D-1a(2)

Container Management Practices: 9 VAC 20 60-264; 40 CFR 264.173 


Describe container management practices used to ensure that hazardous waste containers are always kept closed during storage, except when adding or removing waste, and are not opened, handled, or stored in a manner that may cause them to rupture or to leak.  Include a discussion of procedures for transporting containers across the facility.


Indicate the aisle space maintained between rows of containers and provide the maximum number, volume, and stacking height of containers for each area in which containers are stored.


D-1a(3)

Secondary Containment System Design and Operation: 9 VAC 20 60-264 and 1010.K.1.a; 40 CFR 264.175(a) and (d)


Provide the design and profile drawings of the existing or planned container storage area(s) showing the secondary containment system.  Indicate on the drawings the areas in which incompatible wastes will be stored.  Note that secondary containment system requirements apply also to storage areas holding wastes F020, F021, F022, F023, F026, and F027, whether or not these wastes contain free liquids.


D-1a(3)(a)   
Requirement for the Base or Liner to Contain Liquids: 9 VAC 20 60-264; 40 CFR 264.175(b)(1) 


Demonstrate the capability of the base to contain free liquids including:



Statement that base is free of cracks or gaps;



Demonstration of imperviousness of base to wastes and precipitation;



Base design and materials of construction;



Engineering evaluation of structural integrity of base; and



Discussion of compatibility of base with wastes.


D-1a(3)(b)
Containment System Drainage:   9 VAC 20 60-264 and 1010.K.1.a(2); 40 CFR 264.175(b)(2)


The base must be sloped or the containment system must be otherwise designed and operated to drain and remove liquids resulting from leaks, spills, or precipitation, unless the containers are elevated or are otherwise protected from contact with accumulated liquids.


D-1a(3)(c)
Containment System Capacity:     9 VAC 20 60-264 and 1010.K.1.a(3); 40 CFR 264.175(b)(3)


Provide calculations that demonstrate that the containment system will have sufficient capacity to contain 10% of the volume of the containers or the volume of the largest container, whichever is greater.  This demonstration must discuss the volume of the largest container, total volume of the containers, and other structures in the containment system.


D-1a(3)(d)
Control of Run-on:        9 VAC 20-60-264 and 1010.K.1.(d); 40 CFR 264.175(b)(4)


Run-on into the containment system must be prevented, unless the collection system has sufficient capacity in addition to that required in the above paragraph to contain any run-on that might enter the system.  Describe the dikes, berms, drainage system, etc. used to prevent run-on, or provide calculations demonstrating that the containment system has sufficient excess capacity to contain run-on. (A 24 hour, 25 year storm event can be used as the basis for the calculations.)


D-1a(3)(e)
Removal of Liquids form Containment System: 9 VAC 20-60-264 and 1010.K.1(a)(5); 40 CFR 264.175(b)(5)


Spilled or leaked waste and accumulated precipitation must be removed from the sump or collection area in a timely manner to prevent overflow of the containment system.  Specify the methods for determining whether the removed material is a hazardous waste.


D-1b

Containers without Free Liquids

D-1b(1)

Test for Free Liquids: 9 VAC 20-60-1010.K.1.d.(1)


For areas that store containers of wastes that do not contain free liquids, provide the test procedures and results or other documentation or information to show that the wastes do not contain free liquids.


D-1b(2)

Description of Containers: 9 VAC 20-60-264; 40 CFR 264.171 and 172


Provide the following information about the containers used to treat/store hazardous waste:  approximate number of each type of container, construction materials, dimensions and useable volumes, DOT specifications or other manufacturer specifications, liner specifications (if applicable), container condition (new, used, reconditioned), and markings, and labels.


D-1b(3)

Container Management Practices:  9 VAC 20-60-264; 40 CFR 264.173


Describe container management practices used to ensure that hazardous waste containers are always kept closed during storage except when adding or removing waste, and are not opened, handled, or stored in a manner that may cause the container to rupture or to leak.  Include a discussion of procedures for transporting containers across the facility.


Indicate the aisle space maintained between rows of containers and provide the maximum number, volume, and stacking height of containers for each area in which containers are stored.


D-1b(4)

Container Storage Area Drainage: 9 VAC 20-60-264 and 1010.K.1.d.(2); 40 CFR 264.175(c)


Describe how the storage area is designed or operated to drain and remove liquids unless containers are otherwise kept from contact with standing liquids.


D-2

Tank Systems: 9 VAC 20-60-264 and 1010.K.2.; 40 CFR 264.191 through 194


D-2a

Tank Systems Description: 9 VAC 20-60-264 and 1010.K.2.b.1; 40 CFR 264.194(a)


Provide a description of the type (i.e., aboveground, underground), material of construction, volume, and number of tanks, as well as the specific location of each tank.


D-2a(1)

Dimensions and Capacity of Each Tank: 9 VAC 20-60-1010.K.2.b.


Provide the dimensions and capacity of each tank.


D-2a(2)

Description of Feed Systems, Safety Cut-off, Bypass Systems, and Pressure Controls: 9 VAC 20-60-264 and 1010.K.2.c.; 40 CFR264.194(b)


Provide a description of feed systems, safety cut-off, bypass systems, and pressure controls (e.g., vents).


D-2a(3)

Diagram of Piping, Instrumentation and Process Flow: 9 VAC 20-60-1010.K.2.d.


Provide a diagram of piping, instrumentation, and process flow for each tank system.


D-2a(4)

Ignitable, Reactive and Incompatible Waste: 9 VAC 20-60-264 and 1010.K.2.j.; 40 CFR 264.17(b), 264.198 and 264.199


Indicate whether ignitable, reactive, or incompatible wastes are to be managed in the tanks.  Indicate the operating pressure and temperature of tanks.


If ignitable or reactive wastes are managed in tanks, 



Demonstrate that the waste is treated, rendered or mixed before or immediately after placement in the tank system so that it no longer is ignitable or reactive and that 40 CFR 264.17(b) is complied with (see checklist item F-5b);



Demonstrate that the waste is stored or treated in a manner such that it protects against ignition or reaction; or



Demonstrate that the tank system is used solely for emergencies.


If incompatible wastes are managed in tanks, demonstrate that they are not placed in the same tank system unless 264.17(b) is complied with (see checklist item F-5b).  Provide procedures assuring that hazardous waste will not be placed in a tank that previously held an incompatible waste or material unless it has been decontaminated or unless precautions have been taken per 264.17(b) to prevent reactions. [Note: see checklist item F-5e].


D-2b

Existing Tank System

D-2b(1)

Assessment of Existing Tank Systems Integrity: 9 VAC 20-60-264 and 1010.K.2.a..; 40 CFR 264.191


Provide a written assessment, that is reviewed an certified by an independent Virginia registered professional engineer, on the structural integrity and suitability of each tank system for handling hazardous waste.  At a minimum, the assessment must consider the following: (1) design standard(s), if available according to which the tank and ancillary equipment were constructed; (2) hazardous characteristics of the wastes that have been and will be handled; (3) existing corrosion protection measures (i.e., for underground tanks); (4) documented age of the tank system, if available (otherwise, an estimate of the age); and (5) results of a leak test, internal inspection, or other tank integrity examination.


D-2c

New Tank System

D-2c(1)

Assessment of New Tank Systems Integrity:  9 VAC 20-60-264 and 1010.K.2.a.and e.; 40 CFR 264.192(a)


Provide a written assessment, that is reviewed and certified by an independent Virginia registered professional engineer, on the structural integrity and suitability of each tank system for handling hazardous waste.  The assessment must show that the foundation, structural support, seams, connections and pressure controls (if applicable) are adequately designed and that the tank system has sufficient structural strength and compatibility with the waste(s) to be stored or treated and corrosion protection to ensure that it will not collapse, rupture or fail.  At a minimum, the assessment must consider the following: (1) design standard(s), if available, according to which the tank and ancillary equipment were constructed; (2) hazardous characteristics of the waste(s) to be handled; (3) a corrosion assessment by a corrosion expert for new tank systems or components in which the external shell of a metal tank or any external component of the tank system will be in contact with the soil or with water; (4) a determination of design or operation measures that will protect underground tank systems against potential damage due to vehicular traffic; (5) design consideration to ensure that tank foundations will maintain the load of a full tank and that tank systems will be anchored to prevent floatation or dislodgement where the tank is placed in a saturated zone or is located within a seismic fault zone; and (6)  design considerations to ensure that tank systems will withstand the effects of frost heave.  Provide a description of materials and equipment used to provide external corrosion protection.


D-2c(2)

Description of Tank System Installation and Testing Plans and Procedures:   9 VAC 20-60-264 and 1010.K.2.f; 40 CFR 264.192(b) through (e)


Demonstrate that an independent, qualified installation inspector or an independent, qualified Virginia registered professional engineer will inspect each new tank system prior to covering, enclosing, or placing a new tank system or component in use.  This inspection is to determine the presence of weld breaks, punctures, scrapes of protective coatings, cracks, corrosion and other structural damage or inadequate construction/installation.  Specify how all discrepancies will be repaired.


Demonstrate that new tank systems or components that are placed underground and that are backfilled must be provided with a backfill material that is a noncorrosive, porous, homogeneous substance and that is installed so that the backfill is placed completely around the tank and compacted to ensure that the tank and piping are fully and uniformly supported.


Demonstrate that all new tanks and ancillary equipment will be tested for tightness prior to being covered, enclosed, or placed in use.  Specify how repairs will be made if the tank system is found not to be tight.


Demonstrate how ancillary equipment will be supported and protected against physical damage and excessive stress due to settlement, vibration, expansion, or contraction.


D-2d

Containment and Detection of Releases: 9 VAC 20-60-264; 40 CFR 264.193


D-2d(1)

Plans and Description of the Design, Construction, and Operation of the Secondary Containment System:9 VAC 20-60-264; 40 CFR 264.193(b) through (f)


D-2d(1)(a)
Tank Age Determination: 9 VAC 20-60-264 and 1010.K.2.g.; 40 CFR 264.193(a)


Specify the age of all existing tank systems so that DEQ can determine when secondary containment and leak detection will take effect.  If the age of the tank cannot be determined, indicate the reason.


D-2d(1)(b)
Requirements for Secondary Containment and Leak Detection: 9 VAC 20-60-264 and 1010.K.2.g.; 40 CFR 264.193(b) and(c), 263.1101(b)(3)(iii)


Demonstrate that the secondary containment system has been (will be) designed, installed, and operated to prevent any migration of waste or accumulated liquid from the tank system to the soil, groundwater, or surface water at any time during its use.  Also, demonstrate that the secondary containment system can detect and collect releases and accumulated liquids.  This demonstration must include at least the following.



Specify the materials of construction used to construct the line or system.  Show that these materials are compatible with the wastes in the tank system.



Demonstrate that the system has sufficient strength and thickness to prevent failure caused by any of the following:


-
pressure gradients (including static head and external hydrological forces),


-
physical contact with the wastes,


-
climatic conditions,


-
stress of daily operation (including stresses from nearby vehicular traffic)



Present calculations to prove that the secondary containment system is placed on a foundation or base that is capable of proving support, resisting pressure gradients above and below the system, and preventing failure due to settlement, compression, or uplift.



Provide a description of the tank leak detection system, including its operating principle, design features and operating procedures.  Demonstrate that the leak detection system will detect the failure of either the primary or secondary containment structure or the presence of any release of hazardous waste or accumulated liquid in the secondary containment system within 24 hours.  If the prevailing site conditions or detection technologies will not allow detection of a release within 24 hours, then specify the earliest practicable time that detection can take place.  Indicate why this longer period does not pose a threat to human health and the environment.



Show how the secondary containment system is sloped or otherwise designed or operated to drain and remove liquids resulting from leaks, spills, or precipitation.



Document how it will be ensured that spilled or leaked wastes and precipitation will be removed from the secondary containment system within 24 hours.  If waste and precipitation cannot be removed within 24 hours, then specify the earliest practicable time that removal can take place.  Indicate why this longer period does not pose a threat to human health and the environment.


D-2d(1)(c)
Requirements for External Liner, Vault, Double-Walled Tank or Equivalent Device: 9 VAC 20-60-264 and 1010.K.2.g.; 40 CFR 264.193(d) and (e)


Show that secondary containment for each tank includes at least one of the following: a liner external to the tank, a vault, a double-walled tank, or an equivalent device approved by the Director.


For each external liner system, provide the following information:



Present calculations to show that the external liner system is designed or operated to contain 100% of the capacity of the largest tank within its boundary.



Show that the external liner system is designed or operated to prevent run-on or infiltration of precipitation.  Alternatively, show that the collection system has sufficient excess capacity to contain run-on and precipitation from a 25-year, 24 hour rainfall.



Show that the external liner system is free of cracks or gaps.



Demonstrate that the system is designed and installed to surround the tank completely and cover all surrounding soil likely to come in contact with the wastes if they were released from the tank(s).


For each vault system, provide the following information:



Present calculations to show that the vault system is designed or operated to contain 100% of the capacity of the largest tank within its boundary.



Show that the vault system is designed or operated to prevent run-on or infiltration of precipitation.  Alternatively, show that the collection system has sufficient excess capacity to contain run-on and precipitation from a 25-year, 24 hour rainfall.



Demonstrate that the vault system is constructed using chemical-resistant water stops in place at any joints.  Specify the material used.



Demonstrate that the vault is provided with an impermeable interior coating or lining that is compatible with the stored waste and that will prevent migration of waste into the vault material.  Specify the coating or lining used, and provide the manufacturers data sheet.



Specify the method used to protect against the formation and ignition of vapors within the vault, if the waste being stored or treated is ignitable or reactive.



Specify the exterior vapor barrier used, and provide the manufacturers data sheet.  Alternatively, describe how the vault is designed or operated to prevent the migration of moisture into the vault if the vault is subject to hydraulic pressure.


For each double-walled tank, provide the following information:



Demonstrate that the unit is designed as an integral structure so the any release from the inner tank is contained by the outer shell.



If the unit is metallic, specify the type(s) of corrosion protection used for both the internal and external shell.  Corrosion protection is required for tanks in contact with soil and/or water.



Describe the leak detection system, including the principle of operation, design and operating characteristics.  Demonstrate that it is a continuously operating unit, capable of detecting a release within 24 hours.  If the prevailing site conditions or detection technologies will not allow detection of a release within 24 hours, then specify the earliest practicable time that detection can take place.  Indicate why this longer period does not pose a threat to human health and the environment.


D-2d(1)(d)
Secondary Containment and Leak Detection Requirements for Ancillary Equipment: 9 VAC 20-60-264 and 1010.K.2.g.; 40 CFR 264.193(f)


Demonstrate that each tank systems ancillary equipment is provided with secondary containment such as jacketing, double-walled piping, or a trench.  Note that demonstration need not be made for: (1) aboveground piping (exclusive of flanges, joints, valves, or other connections) that are visually inspected daily, (2) welded flanges, joints, and connections that are visually inspected daily, (3) sealless or magnetic coupling pumps that are visually inspected daily, and (4) pressurized aboveground piping systems with automatic shut-off devices that are visually inspected daily.


Describe the containment system, and demonstrate that it has been (will be) designed, installed, and operated to prevent migration of waste or accumulated liquid to the soil, groundwater, or surface water at any time during its use.  Also, demonstrate that the containment system can detect and collect releases and accumulated liquids.  This demonstration must include at least the following.



Specify the materials of construction used to construct or line the system.  Show that these materials are compatible with the wastes in the tank system.



Demonstrate that the system has sufficient strength and thickness to prevent failure caused by any of the following:


-
pressure gradients (including static head external hydrological forces)


-
physical contact with the wastes


-
climatic conditions


-
stress of daily operation (including stresses from nearby vehicular traffic).



Present calculations to prove that the secondary containment system is placed on a foundation or base that is capable of providing support, resisting pressure gradients above and below the system, and preventing failure due to settlement, compression, or uplift.



Provide a description of the leak detection system, including the its operating principle, design features, and operating procedures.  Demonstrate that the leak detection system will detect the failure of either the primary or secondary containment structure or the presence of any release of hazardous waste or accumulated liquid in the secondary containment system within 24 hours.  If the prevailing site conditions or detection technologies will not allow detection of a release within 24 hours, then specify the earliest practicable time that detection can take place.  Indicate why this longer period does not pose a threat to human health and the environment.



Show how the secondary containment system is sloped or otherwise designed or operated to drain and remove liquids resulting from leaks, spills, or precipitation.



Document how it will be ensured that spilled or leaked wastes and precipitation will be removed from the secondary containment system within 24 hours.  If waste and precipitation cannot be removed within 24 hours, then specify the earliest practicable time that removal can take place.  Indicate why this longer period does not pose a threat to human health and the environment.


D-2d(1)(e)
Containment Buildings Used as Secondary Containment for Tank Systems: 9 VAC 20-60-264; 40 CFR 264.1101(b)(3)(iii) 


If a containment building serves as the secondary containment for a tank system, demonstrate that the containment building can serve as an acceptable external liner system for a tank, provided it meets the requirements of 264 193(b), 264.193(c)(1) and (2), and 264.193(d)(1) [See checklist sections D-2d(1)(c) above for compliance with these regulations.]


D-2d(2)

Requirements for Tank Systems until Secondary Containment is Implemented:  9 VAC 20-60-264; 40 CFR 264.193(i)


For non-enterable underground tanks, present the results of a leak test (or other tank integrity test approved by the Director).  Indicate the procedures that will be repeated annually until secondary containment is provided.  For other than non-enterable underground tanks, provide the results of a leak test or present a schedule and procedures for assessing the overall condition of the tank system by an independent, qualified Virginia registered professional engineer until secondary containment is provided.  For ancillary equipment, present the results of a leak test (or other integrity assessment measures approved by the Director).  Indicate the procedures that will be used to ensure that such tests will be repeated annually until secondary containment is provided.


D-2d(3)

Variance from Secondary Containment Requirements: 9 VAC 20-60-264 and 1010.K.2.h.; 40 CFR 264.193(g)


D-2d(3)(a)
Variance Based on a Demonstration of Equivalent Protection of Groundwater and Surface Water: 9 VAC 20-60-264, 1410.B.4., 1420.C.2., and 1010.K.2.h.(1); 40 CFR 264.193(g)(1) and 264.193(h)


Provide detailed plans and engineering and hydrologic reports, as appropriate, describing alternative design and operating practices that will, in conjunction with location aspects, prevent the migration of any hazardous waste or hazardous waste constituents into the groundwater or surface water during the active life of the facility.


D-2d(3)(b)
Variance Based on Demonstration of No Substantial Present or Potential Hazard:9 VAC 20-60-264, 1410.B.5., 1420.C.2., and 1010.K.2.h.(2); 40 CFR 264.193(g)(2) and 264.193(h)


Provide a detailed assessment of the substantial present or potential hazards posed to human health and the environment, should a release enter the environment.


D-2d(3)(c)
Exemption Based on No Free Liquids and Location Inside a Building: 9 VAC 20-60-264; 40 CFR 264.190(a)


Demonstrate that tanks used to store or treat hazardous waste contain no free liquids as defined by the Paint Filter Test (EPA Method 9095 as described in Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods, EPA Publication No. SW-846).  Show that such tanks are situated inside a building with an impermeable floor.


D-2e

Controls and Practices to Prevent Spills and Overflows: 9 VAC 20-60-264 and 1010.K.2.i.; 40 CFR 264.194(a) and (b), 264.195


Provide adequate information to ensure that the hazardous wastes or treatment reagents placed in a tank system will not cause any element of the system to rupture, leak, corrode, or otherwise fail.


Provide a detailed description of controls and practices used to prevent overflows.  At a minimum, this must include: (1) spill prevention controls (e.g., check valves, dry disconnect couplings); (2) overfill prevention controls (e.g., level sensing devices, high level alarms, automatic feed cutoff, or bypass to a standby tank); and (3) maintenance of sufficient freeboard in uncovered tanks to prevent overtopping by wave or wind action or by precipitation.


Provide detailed plans for the schedule and procedure for inspecting the following: (1) overfill controls; (2) aboveground portions of the tank system; (3) data from monitoring and leak detection equipment; (4) construction materials and the area immediately surrounding the externally accessible portion of the entire tank system; and (5) the cathodic protection system (for underground tanks). [Note: see checklist item F-2b(2)].


D-3

Waste Piles: 9 VAC 20-60-264 and 1010.K.4.; 40 CFR 264.250 through 259


D-3a

List of Wastes: 9 VAC 20-60-1010.K.4.a.


Provide a list of all hazardous wastes placed or to be placed in waste piles.


D-3b

Liner Exemption

D-3b(1)

Enclosed Dry Piles: 9 VAC 20-60-264 and 1010.K.4.b; 40 CFR 264.250 (c)


If an exemption is requested from the requirements to install a liner and leak detection system and the Subpart F groundwater monitoring requirements, demonstrate that neither run-off nor leachate is generated from the pile.


D-3b(1)(a)
Protection From Precipitation:  9 VAC 20-60-264 and 1010.K.4.b; 40 CFR 264.250 (c)


Demonstrate that the pile is inside or under a structure that provides complete protection from precipitation.


D-3b(1)(b)
Free Liquids:  9 VAC 20-60-264 and 1010.K.4.b; 40 CFR 264.250 (c)(1)


Demonstrate that neither liquids nor materials containing free liquids are placed in the pile.


D-3b(1)(c)
Run-on Protection: 9 VAC 20-60-264 and 1010.K.4.b; 40 CFR 264.250 (c)(2)


Demonstrate that the pile is protected from surface water run-on by the structure or in some other manner.


D-3b(1)(d)
Wind Dispersal Control:  9 VAC 20-60-264 and 1010.K.4.b; 40 CFR 264.250 (c)(3)


Demonstrate how the pile design and operation controls wind dispersal of wastes.


D-3b(1)(e)
Leachate Generation:   9 VAC 20-60-264 and 1010.K.4.b; 40 CFR 264.250 (c)(4)


Demonstrate that the pile will not generate leachate through decomposition or other reactions.


D-3b(2)

Liner Exemption Request:   9 VAC 20-60-264 and 1010.K.4.c; 40 CFR 264.251 (b)


If an exemption is requested from only the liner requirement, document the design and operating practices that will, in conjunction with local aspects, prevent the migration of hazardous constituents into ground or surface waters at any future time.


D-3c

Liner System:   9 VAC 20-60-264 and 1010.K.4.c(1); 40 CFR 264.251 (a)(1)(i) and 264.251(c)


Provide a description of the liner system, demonstrating that the flow of liquids through the liner(s) will be prevented.  Only existing portions of existing facilities are exempt from the liner requirements.  New units, lateral expansions of existing units, and replacement units are not exempt.  Provide a plan indicating the limits of existing portions.


D-3c(1)

Liner Description: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i) and 264.251(c)


Provide a detailed description of the liner system, demonstrating (by description and drawing) that any flow of liquids into and through the liners will be prevented.  For each liner within the system (minimum one upper synthetic liner and one lower composite synthetic/soil liner) describe the type of liners, its material, and its thickness.  The liner system includes the foundation, bottom composite liner, leachate detection system, top synthetic liner, leachate collection system, and protective layer to protect the leachate collection system from damage.


D-3c(1)(a)
Synthetic Liners: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1) and 264.251(c)(1)


The liner system must include a top liner designed and constructed of materials (e.g., a geomembrane) to prevent the migration of hazardous constituents into such liner during the active life and the post-closure care period.  The bottom liner must consist of at least two components; the upper component must be designed and constructed of materials (e.g., a geomembrane) to prevent the migration of hazardous constituents into such liner during the active life and the post-closure care period.  For each synthetic liner in the system provide the following information:



Thickness;



Type;



Material;



Brand name and manufacturer.


D-3c(1)(b)
Soil Liner: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a) and 264.251(c)(1)


Provide a description of the soil portion of the bottom composite liner including its classification, thickness and hydraulic conductivity.  The composite bottom liner must consist of a least two components.  The upper composite must be designed and constructed of materials (e.g., a geomembrane) to prevent the migration of hazardous constituents during the active life and the post-closure care period.  The lower component must be constructed of al least three feet of compacted soil material.  Indicate if the soil will be recompacted or amended in any way.  When analyzing the soil component, the compacted soil must provide a hydraulic conductivity of not more than 1 x 10-7 cm/sec.


For soil liners constructed of borrow material, provide specifications for the soil material.  For soil liners using in-place soil, provide specifications to be used to assure that all existing materials meet the requirements of the liner design.  Provide testing procedures for determining in-situ permeability of the soil liner after construction.  Also provide a criteria for approval of the material before placement of additional components of the liner system.  For soil liners that use amended soil, provide material specifications for the amended material.  The soil liner material specifications should indicate the maximum particle size (this is critical for a synthetic liner placed directly on the soil liner) and call for the removal of roots and other unsuitable material.


D-3c(2)

Liner Location Relative to High Water Table:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Provide data from at least a 12-month period showing fluctuations in the depth to the water table and the location of the seasonal high water table in relation to the liner system.


D-3c(3)

Calculation of Required Soil Liner Thickness: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Demonstrate that the thickness of the soil liner is sufficient to retard liquid flow through it such that leachate would be wholly contained throughout the active life of the unit.  Calculations using either numerical simulation techniques (unsaturated flow conditions) or D'Arcy Law-derived transit time equations (saturated flow conditions) should be provided.


D-3c(4)

Liner Strength Requirements:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Provide the results of calculations defining the minimum strength requirement for liners considering:


-
Internal and external pressure gradients;


-
Stresses resulting from settlement, compression or uplift; 


-
Climatic conditions (freeze-thaw stress);


-
Installation stresses; and


-
Operating stresses


D-3c(5)

Liner Strength Demonstration:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Provide data showing that the liner exceeds the calculated minimum strength requirement.


D-3c(6)

Liner/Waste Compatibility Testing Results: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Provide the results of liner/waste compatibility testing demonstrating that liner strength and performance are still adequate after exposure to waste leachates.  Both primary and secondary leachates should be used in this testing.


D-3c(7)

Liner Installation:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Describe the procedures for installing the liner(s).


D-3c(7)(a)
Synthetic Liner Seaming:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Describe the techniques to be used to bond membrane liner seams and the strength and chemical compatibility of the seams with waste leachate.


D-3c(7)(b)
Soil Liner Compaction:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Describe the procedures for installing the soil liner and compacting the liner to achieve the desired permeability. Include the maximum height of lifts to be placed.


D-3c(7)(c)
Installation/Inspection Program 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.254(a)


Describe the inspection, monitoring, sampling and testing methods (and frequencies) to be employed during liner installation to assure that the liner system as installed meets the design requirements.


D-3c(8)

Liner Coverage: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(iii)


Demonstrate that the liner will be installed to cover all surrounding earth likely to be in contact with the waste or leachate.


D-3c(9)

Liner Exposure Prevention:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Demonstrate that the liner will not be exposed to wind or sunlight or, if exposure is to be permitted, that such exposure will not result in unacceptable liner degradation.


D-3c(10)
Synthetic Liner Bedding:  9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(i)


Demonstrate that sufficient bedding will be provided above and below the liner to prevent rupture during installation and operation.


D-3d

Liner Foundation Report

D-3d(1)

Liner Foundation Design Description: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Determine the liner foundation design and materials of construction.  Determine the capability of the foundation to support any expected static and dynamic loadings.


D-3d(2)

Subsurface Exploration Data: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


The engineering characteristics of the foundation materials must be verified through subsurface explorations.  These efforts must be described and include:


-  Test borings;


-  Test pits or trenches;


-  In situ tests; and 


-  Geophysical exploration methods.


D-3d(3)

Laboratory Testing Data: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Results from sufficient index testing must be provided to classify the site materials.  Other lab test data must be provided to evaluate the engineering properties of the foundation materials, particularly for strength, hydraulic conductivity, compressibility, and other important design parameters.


D-3d(4)

Engineering Analyses: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Engineering analyses must be provided which are based on the data gathered through subsurface exploration and laboratory testing programs.  With these analyses include a discussion of the methods used, assumptions, copies of calculations, and appropriate references.


D-3d(4)(a)
Settlement Potential: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Provide estimates of the total and differential settlement, including immediate settlement, primary consolidation and secondary consolidation.  Stresses imposed by liners, wastes and equipment should be considered.


D-3d(4)(b)
Bearing Capacity and Stability: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Provide estimates of the bearing capacity and stability of the foundation, demonstrating that allowable bearing capacity will not be exceeded.


D-3d(4)(c)
Potential for Bottom Heave or Blow-out: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Provide estimates of the potential for bottom heave or blow-out due to unequal hydrostatic or gas pressures.


D-3d(4)(d)
Construction and Operational Loading:9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Demonstrate that the foundation is capable of providing adequate support for construction equipment and operating.


D-3d(5)

Foundation Installation Procedures: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


For installed foundations, provide a description of the foundation installation procedures.


D-3d(6)

Foundation Installation Inspection Program: 9 VAC 20-60-264 and 1010.K.4.c.1; 40 CFR 264.251 (a)(1)(ii)


Describe the inspection, monitoring, sampling and testing methods (and frequencies) to be employed during foundation installation to assure that the foundation as installed meets the design requirements.


D-3e

Leachate Collection and Removal System:9 VAC 20-60-264 and 1010.K.4.c.; 40 CFR 264.251 (a)(2)


Provide information describing the design and operation of a system to collect and remove leachate from new portions of waste piles.


D-3e(1)

System Design and Operation: 9 VAC 20-60-264; 40 CFR 264.251 (a)(2)


Describe the design features of the leachate collection and removal system and how the system will function to remove collected leachate in a timely manner.


D-3e(2)

Maximum Leachate Head: 9 VAC 20-60-264; 40 CFR 264.251 (a)(2)


Describe the design and operating features that will prevent leachate depth over the liner from exceeding one foot.


D-3e(3)

Chemical Resistance: 9 VAC 20-60-264; 40 CFR 264.251 (a)(2)(i)(A)


Demonstrate that the leachate collection and removal system components are chemically resistant to the waste managed in the pile and the leachate expected to be generated.


D-3e(4)

Strength of Materials: 9 VAC 20-60-264; 40 CFR 264.251 (a)(2)(i)(B)


Demonstrate that system components are of sufficient strength and thickness to prevent collapse under expected static and dynamic loadings.


D-3e(5)

Prevention of Clogging: 9 VAC 20-60-264; 40 CFR 264.251 (a)(2)(ii)


Demonstrate that the system design and operation will prevent clogging throughout the active life and post-closure period of the waste pile.  Consideration should be given to physical, chemical and/or biological clogging.  As an alternative, describe how clogging would be detected and what clean-out procedures would be used to restore the capacity of the system.  Include calculations demonstrating the effectiveness of the protection material or system.


D-3e(6)

Installation:9 VAC 20-60-264; 40 CFR 264.251 (a)(2)


Describe the methods to be employed to install the leachate collection and removal system.  Include a description of the inspection program to be implemented to assure installation in accordance with design requirements.


D-3e(7)

Maintenance:9 VAC 20-60-264; 40 CFR 264.251 (a)(2)


Describe anticipated maintenance activities that will be used to assure proper leachate management system operation throughout the pile's expected active life.


D-3f

Run-on Control System 9 VAC 264 and 1010.K.4.c(2); 40 CFR 264.251(g)


D-3f(1)

Calculation of Peak Flow:9 VAC 264 and 1010.K.4.c(2); 40 CFR 264.251(g)


Identify the peak surface water flow expected to result from a 25-year design storm.  Describe the data sources and methods used to make the peak flow calculation.


D-3f(2)

Design and Performance: 9 VAC 264 and 1010.K.4.c(2); 40 CFR 264.251(g)


Describe the run-on control system design.  Demonstrate that system design will prevent run-on from reaching active portions of the unit.


D-3f(3)

Construction: 9 VAC 264 and 1010.K.4.c(2); 40 CFR 264.251(g)


Describe the methods to be employed to construct the run-on control system.  Include descriptions of any construction inspection program to be utilized to assure construction in accordance with design requirements.


D-3f(4)

Maintenance: 9 VAC 264 and 1010.K.4.c(2); 40 CFR 264.251(g)


Describe any maintenance activities required to assure continued proper run-on system operation throughout the unit's active life.


D-3g

Run-off Control System: 9 VAC 264 and 1010.K.4.c(3); 40 CFR 264.251(h)


Describe the run-off control system to be used to collect and control run-off from active portions.


D-3g(1)

Calculation of Peak Flow: 9 VAC 264 and 1010.K.4.c(3); 40 CFR 264.251(h)


Identify the total run-off volume expected to result from a 24-hour 25-year storm.  Describe data sources and methods used to make the peak flow calculation.


D-3g(2)

Design and Performance:9 VAC 264 and 1010.K.4.c(3); 40 CFR 264.251(h)


Describe the run-off collection and control system design. Demonstrate that the system has sufficient capacity to collect and hold the total run-off volume calculated in D-3g(1).


D-3g(3)

Construction:9 VAC 264 and 1010.K.4.c(3); 40 CFR 264.251(h)


Describe the methods to be employed to construct the run-off collection and control system.  Include descriptions of any construction inspection program to be employed to assure construction in accordance with the design requirements.


D-3g(4)

Maintenance: 9 VAC 264 and 1010.K.4.c(3); 40 CFR 264.251(h)


Describe any maintenance activities required to assure continued proper run-off system operation throughout the unit's active life.


D-3h

Management of Collection and Holding Units: 9 VAC 264 and 1010.K.4.c(4); 40 CFR 264.251(i)


Describe how collection and holding facilities associated with run-on and run-off control systems will be emptied or otherwise managed expeditiously after storms to maintain system design capacity.


D-3i

Control of Wind Dispersal: 9 VAC 264 and 1010.K.4.c(5); 40 CFR 264.251(j)


If the pile contains any particulate matter which may be subject to wind dispersal, describe how the pile is covered or otherwise managed to control wind dispersal.


D-3j

Groundwater Monitoring Exemption:  9 VAC 264 and 1010.K.4.b; 40 CFR 264.250(c) and 264.90


If an exemption from the 264 Subpart F groundwater monitoring requirements is sought, provide data demonstrating that the following conditions are met.


D-3j(1)

Engineered Structure: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(i)


Provide design data showing that the unit for which the exemption is sought is an engineered structure.


D-3j(2)

No Liquid Waste: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(ii) and (iii)


Describe procedures for ensuring that no liquid waste or waste containing free liquids will be received by or contained in the unit.


D-3j(3)

Exclusion of Liquids: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(iii)


Provide design and operating data demonstrating how liquids, precipitation and other run-on and run-off will be excluded from the unit.


D-3j(4)

Containment System: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(iv)


Describe the containment system (both inner and outer layers) that will enclose the waste.


D-3j(5)

Leak Detection System: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(v)


Describe the design and operating data demonstrating the leak detection system built into each containment layer.


D-3j(6)

Operation of Leak Detection System: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(vi)


Demonstrate the means for ensuring continuing operation of the leak detection system during the active life of the unit and the closure and post-closure care periods.


D-3j(7)

No Migration: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(vii)


Demonstrate to a reasonable degree of certainty, that the unit will not allow hazardous constituents to migrate beyond the outer layer of the containment system prior to the end of the post-closure care period.


D-3k

Treatment within the Pile: 9 VAC 20-60-1010.K.4.f.


If any treatment is accomplished within the pile, provide the following descriptions.


D-3k(1)

Treatment Process Description: 9 VAC 20-60-1010.K.4.f.


Describe the process by which wastes are to be treated and the effect of the treatment on the wastes.


D-3k(2)

Equipment Used: 9 VAC 20-60-1010.K.4.f.


Describe any equipment or other materials required to initiate or promote treatment.


D-3k(3)

Residuals Description: 9 VAC 20-60-1010.K.4.f.


Describe the nature and quantity of the wastes remaining in the pile after treatment is complete.


D-3l

Special Waste Management Plan for Piles Containing Wastes F020, F021, F022, F023, F026, and F027: 9 VAC 20-60-264 and 1010.K.4.j.; 40 CFR 264.259


If the waste pile is not enclosed [i.e., does not meet the requirements of D-3b(1)(a) through D-3b(1)(c)] and will contain wastes F020, F021, F022, F023, F026, and F027, provide a plan describing how the pile is or will be designed, constructed, operated, and maintained in order to protect human health and the environment.  The plan must address the following factors.


D-3l(1)

Waste Description:  9 VAC 20-60-264 and 1010.K.4.j.(1); 40 CFR 264.259(a)(1)


Identify the volume, physical, and chemical characteristics of the wastes including their potential to migrate through the soil or volatilize or escape into the atmosphere.


D-3l(2)

Soil Description:  9 VAC 20-60-264 and 1010.K.4.j.(2); 40 CFR 264.259(a)(2)


Describe the attenuative properties of underlying and surrounding soils or other materials.


D-3l(3)

Mobilizing Properties:  9 VAC 20-60-264 and 1010.K.4.j.(3); 40 CFR 264.259(a)(3)


Describe the mobilizing properties of other materials co-disposed with these wastes.


D-3l(4)

Additional Management Techniques: 9 VAC 20-60-264 and 1010.K.4.j.(4); 40 CFR 264.259(a)(4)


Document the effectiveness of additional treatment, design, operating, or monitoring techniques.


D-4

Surface Impoundments

D-4a

List of Wastes: 9 VAC 20-60-1010.K.3.a.


Provide a list of all hazardous wastes placed or to be placed in surface impoundments.


D-4b

Liner Exemption Requests

D-4b(1)

Exemption Based on Existing Portion: 9 VAC 20-60-264 and 1010.K.3.b.(1). ; 40 CFR 264.221 and 260.10


Existing portions of surface impoundments that have wastes in place on November 8, 1984 and will have only vertical expansion are exempted from liner system requirements (items D-4c through D-4g).  New units, lateral expansions of existing units and replacement (i.e., all waste removed from an area and then replaced) units at existing facilities are not exempt.  Provide a plan indicating the limits of the existing portions.


D-4b(2)

Exemption Based on Alternative Design and Location: 9 VAC 20-60-264 and 1010.K.3.b.(1; 40 CFR 264.221(b)


If an exemption from the double liner and leachate detection system is requested based on an alternative design, document that the alternative design and operating practices, together with location characteristics, will prevent the migration of any hazardous constituents into the ground or surface water at least as effectively as a double liner with leachate detection system, and will allow detection of hazardous constituents through the top liner as least as effectively.


D-4c

Liner System, General Items: 9 VAC 20-60-1010.K.3.b.(1)


Provide a discussion of the following items that apply to the liner system as a whole.


D-4c(1)

Liner System Description: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a) and (b)

Provide a detailed description of the liner system, demonstrating (by description and drawing) that any flow of liquids into and through the liner(s) will be prevented.  For each liner within the system, (minimum one upper synthetic liner and one lower composite synthetic/soil liner), describe the type of liner, its material and thickness.  The liner system includes the liner foundation, composite liner, leachate detection system, top synthetic liner, and any protective layer placed to protect the top synthetic liner from damage.


D-4c(2)

Liner Location Relative to High Water Table: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1)


Provide data showing seasonal fluctuations in the depth to the water table and the location of the seasonal high water table in relation to the liner system (i.e., groundwater levels and liner foundation elevations should be shown on geological cross sections.)


D-4c(3)

Load on Liner System:   9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1) and (2)


Provide the results of calculations defining the maximum loads that will be placed on the liners considering:


-
Static and dynamic loads;


-
Stresses resulting from settlement, compression subsidence, or uplift;


-
Stresses resulting from operating equipment;


-
Installation and construction operations stresses; 


-
Stresses due to the maximum quantity of waste, cover and proposed post-closure land use; and


-
Internal and external pressure gradients.


D-4c(4)

Liner System Coverage:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(3)


Demonstrate that the liner will be installed to cover all surrounding earth likely to be in contact with the waste or leachate (i.e., construction, as-builts, or detailed drawings).


D-4c(5)

Liner Exposure Prevention:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1)


Demonstrate that the liner will not be exposed to wind or sunlight or, if exposure is to be permitted, that such exposure will not result in unacceptable degradation of that portion of the system (i.e., drawings and/or specifications, as appropriate).  If the liner system will be exposed or is located close enough to the surface to be affected by changing temperatures, provide calculations defining the thermal stresses on the liner system due to thermal expansion and contraction.


D-4d

Liner System, Foundation

D-4d(1)

Liner Foundation Design Description:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


Describe the foundation for the liner system including materials and indicate bearing elevations on geological and construction drawings.  Indicate any bearing embankments placed to support the liner system.


D-4d(2)

Subsurface Exploration Data: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


The engineering characteristics of the foundation materials, including subsurface soil, bedrock and geologic conditions should be verified through subsurface explorations.  These efforts should be described by including location plans and cross sections for test pits, test boring, etc., and descriptions or references for the procedures used, and may include:


-  Historical data;


-  Test borings;


-  Test pits or trenches;


-  In situ tests; and/or


-  Geophysical exploration methods.


D-4d(3)

Laboratory Testing Data: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


Results from sufficient index testing should be provided to classify the site materials.  Other lab test data should be provided to evaluate the engineering properties of the foundation materials, particularly for strength, hydraulic conductivity, compressibility, and other important design parameters.  Provide copies of the test methods used to test the material or provide references as appropriate and with any revisions to standard test procedures.


D-4d(4)

Engineering Analyses: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


Engineering analyses should be provided which are based on the data gathered through subsurface exploration and laboratory testing programs.  With the analyses, include a discussion of methods used, assumptions, copies of calculations, and appropriate references.  Include, as appropriate, discussions on:



Settlement potential;



Bearing capacity;



Potential for excess hydrostatic or gas pressure [item D-4d(4)(c)];



Seismic conditions;



Subsidence potential; and



Sinkhole potential.


D-4d(4)(a)
Settlement Potential: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


Provide estimates of the total and differential settlement of the liner system foundation, including immediate settlement, primary consolidation and secondary consolidation.  Stresses imposed by dikes, liners, wastes and equipment should be considered [see item D-4c(3)].


D-4d(4)(b)
Bearing Capacity and Stability: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


Provide estimates of the allowable bearing capacity and stability of the foundation, demonstrating that allowable bearing capacity will not be exceeded.


D-4d(4)(c)
Potential for Bottom Heave or Blow-out: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(2)


Provide estimates of the potential for bottom heave or blow-out due to unequal hydrostatic or gas pressures.


D-4e

Liner System, Liners

D-4e(1)

Synthetic Liners: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a) and (c)


For each synthetic liner in the system provide the following general information:



Thickness;



Type;



Material;



Brand name; and



Manufacturer.


Provide data for all synthetic liners under consideration.  Detailed synthetic liner material specifications must also be provided as per item D-4d(1)(a).


D-4e(1)(a)
Synthetic Liner/Waste Compatibility Testing Results: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1)


Provide the results of liner/waste compatibility testing demonstrating that liner strength and performance are still adequate after exposure to waste leachates.  Both primary and secondary leachates should be used in this testing.  Include a detailed description of the testing procedure used, or if appropriate, reference a standard test method.


D-4e(1)(b)
Liner Strength Demonstration: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1)


Provide data showing that the synthetic liners have sufficient strength after exposure to waste and waste leachate to support the loads/stresses computed in item D-4c(3) above.  Also demonstrate that the liner seams will have sufficient strength .


D-4e(1)(c)
Synthetic Liner Bedding: 9 VAC 20-60-264 and 1010.K.3.b.(2); 40 CFR 264.221(a)(2)


Demonstrate that sufficient bedding will be provided above and below the synthetic liners to prevent rupture of the synthetic liner during installation and operation (i.e., thickness and radiation)).  Note: The synthetic membrane of a bottom composite liner should be placed directly on the soil portion.


D-4e(2)

Soil Liner: 9 VAC 20-60-264 and 1010.K.3.b.(2); 40 CFR 264.221(a) and (c)


Provide a description of the soil portion of the bottom composite liner including its classification, thickness and hydraulic conductivity.  The composite bottom liner must consist of a least two components.  The upper component must be designed and constructed of materials (e.g., a geomembrane) to prevent the migration of hazardous constituents during the active life and the post-closure care period of the surface impoundment.  The lower component must be constructed of at least three feet of compacted soil material.  Indicate if the soil liner is in-place material or if borrow material will be used.  For in-place soil, indicate if the soil will be recompacted or amended in any way.  When analyzing the soil liner, assume that the synthetic liners have leaked, thus exposing the soil liner to the waste leachate. Note: To be considered as a soil liner, the insitu soil must be recompacted or reworked to provide a hydraulic conductivity  of not more than 1 x 10-7 cm/sec.  Detailed soil liner material specifications must also be provided.


D-4e(2)(a)
Material Testing Data: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c) 


Provide test results for index tests, laboratory and/or insitu hydraulic conductivity tests, strength tests, consolidation tests, and shrink-swell properties of the soil liner material.  Provide copies of the test procedures, or if appropriate, reference standard test methods, along with complete test results.  Discuss the potential for dispersion and piping of the soil due to flow of liquid through the soil liner layer.


D-4e(2)(b)
Soil Liner Compatibility Data:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1)


Provide the results of permeability testing of the soil liner material using leachate representative of the leachate that the surface impoundment could generate.  Discuss the effects, if any, of the leachate on the soil permeability.  Provide copies of the test procedures, or if appropriate, reference standard test methods, along with a description of how the leachate samples were prepared or obtained, a demonstration that the leachate sample is representative, and the complete test results.


D-4e(2)(c)
Soil Liner Strength:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)(1)


Demonstrate that the soil liner has sufficient strength to support the loads/stresses computed in checklist item D-4c(3).  (Note: In some cases, low permeability is achieved at the expense of strength.)


D-4f

Liner System, Leachate Detection System:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)  


Provide the following information about the leachate detection system located between the two liners.  Provide detailed material specification as per item D-4g(1)(c).


D-4f(1)

Systems Operation and Design: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2) and (4)


Describe the design features of the leachate detection system and how the system will function to detect any leakage through either liner in a timely manner.


D-4f(2)

Drainage Material:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)(ii)  


Describe the leachate detection system drainage material.  The detection system must be constructed of granular drainage materials with a hydraulic conductivity of 1 x 10-1 cm/sec or more and a thickness of 12 inches or more; or the detection system must be constructed of synthetic or geonet drainage materials with a transmissivity of 3 x 10-4 m2/sec or more.


D-4f(3)

Grading and Drainage: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)


Indicate the slopes of the leachate detection system and a provide contour plan for the system along with a plan showing the layout and spacing of the piping system.  The leachate detection system must be constructed with a bottom slope of 1% or more.  Demonstrate that the leak detection system is appropriately graded to assure that leakage at any point in the liner system is detected in a timely manner.


Provide details of the piping system, along with any sumps, pumps, etc. and demonstrate that the pipes and pipe perforations are sized sufficiently to handle the expected flow of leachate.  Provide sufficient piping to provide for rapid and timely detection of any leakage.  The leachate system pumps must be separate from any impoundment liquid collection system sumps.


D-4f(4)

System Compatibility: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)(iii)


Demonstrate that all components of the leachate detection system are chemically resistant to the waste managed in the surface impoundment and the leachate expected to be generated.


D-4f(5)

System Strength

D-4f(5)(a)
Stability of Drainage Layers: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)(ii)


Demonstrate that the drainage layer of the leachate detection system has sufficient strength to support the loads and stresses computed in item D-4c(3) (i.e., sufficient soil bearing capacity to support loads).  Demonstrate (by providing calculations) that the drainage layer placed on sloped surfaces of the surface impoundment or foundations will be stable during construction.


D-4f(5)(b)
Strength of Piping: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)(ii)


Demonstrate that the drainage layer of the leachate detection system has sufficient strength (crushing or deflection, as appropriate) to support the loads computed in item D-4c(3).


D-4f(6)

Prevention of Clogging: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)(iv)


Demonstrate that the leachate detection system is designed and operated to prevent clogging of the drainage material or the pipes throughout the active life of the impoundment.  Consideration should be given to physical, chemical and/or biological clogging.  As an alternative, describe how clogging would be detected and what clean-out procedures would be used to restore the capacity of the system.  Include calculations demonstrating the effectiveness of the protection material or system.


D-4f(7)

Liquid Removal: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(c)(2)(v) and 264.221(c)(3)


Describe the sumps and liquid removal methods (e.g., pumps) of sufficient size to collect and remove liquids from the sump and prevent liquids from backing up into the drainage layer.  Each unit must have its own sump.


Indicate that the owner/operator will collect and remove pumpable liquids in the sumps to minimize the head on the bottom liner.  Indicate the fate of the collected leachate, which may be either characteristic or listed hazardous waste.


D-4g

Liner System, Construction and Maintenance

D-4g(1)

Material Specifications

D-4g(1)(a)
Synthetic Liners: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


Provide detailed material specifications for the specific synthetic liner or liners of be used.


D-4g(1)(b)
Soil Liners: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


For soil liners constructed of borrow material, provide specifications for the soil material.  For soil liners using in-place soil, provide specifications to be used to assure that all existing materials meet the requirements of the liner design.  Provide a testing procedure for determining in situ permeability of the soil liner after construction.  Also provide a criteria for approval of the material before placement of additional components of the liner system.  For soil liners that use amended soil, provide material specifications for the amended material.  The soil liner material specifications should indicate the maximum particle size (this is very critical for a synthetic liner placed directly on the soil liner) and call for the removal of roots and other unsuitable material.


D-4g(1)(c)
Leachate Detection System: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


Provide material specifications for:



Drainage layer material;



Filter fabric or filter layer;



Piping; and



Sumps.


D-4g(2)

Construction Specifications

D-4g(2)(a)
Liner System Foundation: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


For installed foundations, provide construction specifications of the foundation installation procedures.  For units that use the in-place material for the liner system foundation, provide construction specifications for preparation of the liner system foundation.


D-4g(2)(b)
Soil Liner: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a) and 264.226(a)(2)


Describe the procedures for installing the liner.  Include:



Method of compaction;



Degree of compaction and percent moisture content that must be achieved;



Lift thickness;



Methods to be used to alter the water content of the soil;



Scarification requirement between lifts; and



If applicable, method of amending the soil.


D-4g(2)(c)
Synthetic Liners: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a) and 264.226(a)(1)


Provide construction specifications for placement of the synthetic liners which include:



Inspection of the synthetic liner bed for material which could puncture the liner (and removal of that material);



Placement procedures;



Techniques to be used to bond the liner seams;



Procedures for protection of the liner before and during placement of material on top of the liner; and



Any protective layer placed to protect the liner during operations.


D-4g(2)(d)
Leachate Detection System: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


Provide construction specifications for placement of all components of the leachate detection system, including:



Drainage layers;



Piping;



Sumps, pumps, etc.; and



Filter layers.


D-4g(3)

Construction Quality Assurance Program: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.19 and 264.226(a)


Provide complete details of the Construction Quality Assurance (CQA) Program to be used during the construction of the liner system to assure that it is built as designed.  Include a description of all testing procedures such as testing of the synthetic liner seams, in situ permeability testing of the soil liner, compaction control for the soil liner, etc.  Indicate if the owner or the operator will perform the testing and inspection and indicate the necessary qualifications of the testing and inspection personnel.


The program must be developed and implemented under the direction of a CQA officer who is a Virginia registered professional engineer.  The CQA Program must:



Identify all applicable units and provide a description of how they will be constructed;



Identify key personnel and provide CQA officer qualifications;



Describe observations, inspections, tests, and measurements sufficient to ensure the structural stability and integrity of all foundations, dikes, low permeability soil liners, geomembranes, leachate collection and removal systems, and leak detection systems;



Describe observations, inspections, tests, and measurements sufficient to ensure proper construction and installation (as appropriate) of liners, leachate collection and removal systems, leak detection system, and final cover system;



Describe observations, inspections, tests, and measurements sufficient to ensure conformity of all materials used, in accordance with design and other material specifications; and



Describe test fills for compacted soil liners using the same method as the full scale unit to ensure hydraulic conductivity requirements are met.


Provide a statement that waste shall not be received in the unit until the owner/operator has certified that the CQA program has been successfully carried out and that the unit meets construction requirements.


D-4g(4)

Maintenance Procedures for Leachate Detection System: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


Describe the anticipated maintenance activities that will be used to assure proper operation of the leachate detection systems throughout the surface impoundments expected life.


D-4g(5)

Liner Repairs During Operations: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(a)


Describe the anticipated maintenance activities that will be used to repair any damage to the liner that occurs while the surface impoundment is in operation (such as a drag line ripping the liner during cleaning operations).


D-4h

Prevention of Overtopping: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(g)


Describe the design and/or operating procedures that will provide protection against impoundment overtopping/overflow.


D-4h(1)

Design Features: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(g)


Describe the design features utilized to prevent overtopping, such as:



Spillways or weirs;



Automatic or manual controls; and



Sensors and alarms.


D-4h(2)

Operating Procedure: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(g)


If operating procedures are instrumental to preventing overtopping, provide a description of those procedures.


D-4h(3)

Overtopping Prevention: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(g)


Unless foolproof controls such as weirs are employed to prevent overtopping, provide the results of water balance studies showing that adequate freeboard will be available following a 100-year 24-hour storm.  Appropriate calculations include flood routing and show the peak discharge is greater than the peak inflow, or that there is sufficient storage volume to store the entire design storm and any excess inflow.


D-4h(4)

Freeboard Requirements: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(g)


Freeboard requirements associated with normal and extreme wind activity should be determined unless automatic controls are utilized and freeboard equals or exceeds two feet.


D-4h(5)

Outflow Destination: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.221(g)


Describe the fate of liquids released through flow control devices.  Identify the location to which wastes would be moved in the event of an emergency.


D-4i

Dike Stability

D-4i(1)

Engineer's Certification: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(g)


Provide written certification by a qualified engineer attesting to the structural integrity of all dikes.  For new units, submit a statement from a qualified engineer that such a certification will be provided upon completion of the new dikes.


D-4i(2)

Dike Design Description: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(g)


Provide data and/or drawings specifying design layout of the dikes and their components including materials of construction.  Determine the capability of the dikes to withstand failure from expected static and dynamic loadings and the effects of erosion.


D-4i(3)

Erosion Protection: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(h)


Provide demonstration that dikes are designed and constructed to minimize erosion and prevent failure due to excessive erosion.  These demonstrations should consider the erosion potential from rainfall, surface water run-off, any contact between impounded wastes and the dikes, and potential leakage through the dikes.  Describe procedures for correcting erosion problems identified during the unit's operating life.


D-4i(4)

Subsurface Soil conditions: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(h)


The engineering characteristics of the dike foundation materials should be verified through testing and subsurface explorations, as necessary.  These explorations may include:



Test borings;



Test pits or trenches;



In situ tests; and



Geophysical exploration methods.


D-4i(5)

Stability Analysis: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(h)


Provide a description of, and the results from, stability analyses for the following conditions, as appropriate:



Foundation soil bearing failure or settlement;



Failure in the dike slopes;



Failure of impoundment cut slopes;



Build-up of hydrostatic pressure due to failure of drainage system, dike cover, and liner; and



Rapid drawdown.


D-4i(6)

Strength and Compressibility Test Results: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(h)


Provide results of strength and compressibility tests on the dike materials together with a description of the sampling procedures and test methods.


D-4i(7)

Dike Construction Procedures: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(h)


Describe the methods to be used to construct dikes at new units.


D-4i(8)

Dike Construction Inspection Program: 9 VAC 20-60-264 and 1010.K.3.d; 40 CFR 264.221(h)


Describe the inspection, monitoring, sampling and testing methods
(and frequencies) to be employed during dike construction to assure that new dikes meet their design requirements.


D-4j

Special Waste Management Plan for Surface Impoundments Containing Wastes F020, F021, F022, F023, F026, and F027: 9 VAC 20-60-1010.K.3.i..


Provide a plan describing how surface impoundments containing wastes F020, F021, F022, F023, F026, and F027, are or will be designe 9 VAC 20-60-264 and  constructed, operated, and maintained in order to protect human health and the environment.  The plan must address the following factors.


D-4j(1)

Waste Description:    9 VAC 20-60-264 and 1010.K.3.i(1);  40 CFR 264.231(a)(1)


Identify the volume, physical, and chemical characteristics of the wastes including their potential to migrate through the soil or volatilize or escape into the atmosphere.


D-4j(2)

Soil Description: 9 VAC 20-60-264 and 1010.K.3.i(2);  40 CFR 264.231(a)(2)


Describe the attenuative properties of underlying and surrounding soils or other materials.


D-4j(3)

Mobilizing Properties: 9 VAC 20-60-264 and 1010.K.3.i(3);  40 CFR 264.231(a)(3)


Describe the mobilizing properties of other materials co-disposed with these wastes.


D-4j(4)

Additional Management Techniques: 9 VAC 20-60-264 and 1010.K.3.i(4);  40 CFR 264.231(a)(4)


Document the effectiveness of additional treatment, design, operating, or monitoring techniques.


D-5

Incinerators:   9 VAC 20-60-264 and 1010.K.5;  40 CFR 264.340 through 264.351


D-5a

Justification for Exemption: 9 VAC 20-60-1010.K.5.a.


In order to justify an exemption under 264.340(b) or (c), document the following:  (1) waste contains no or insignificant concentrations of Part 261  Appendix VIII materials; and (2) waste is considered hazardous solely because it is ignitable and/or corrosive or reactive.  Exempted reactive wastes are limited to materials that will not liberate toxic fumes or vapors per Sections 261.23(a)(4) and (5) and shall not be burned when other hazardous wastes are present in combustion zone.  A demonstration that the waste contains insignificant quantities of Part 261 Appendix VIII materials can be based on either: (1) risk assessment that considers dispersion rates, local receptors, and toxicological effects; or (2) relationship of emissions to prevalent ambient concentrations; or (3) detectability of contaminants in stack gases.


D-5b

Trial Burn: 9 VAC 20-60-1010.K.5.b.


Performance may be demonstrated through either a trial burn (in which event the trial burn plan should be included in this section) or through the submission of data in lieu of a trial burn (see D-5c).


D-5b(1)

Trial Burn Plan: 9 VAC 20-60-1010.K.5.b.


Submit a trial burn plan addressing the following information requirements.


D-5b(1)(a)
Detailed Engineering Description of Incinerator: 9 VAC 20-60-1050.B.2.b.(2)


Describe, at a minimum:  manufacturer's name and model, if available; incinerator type; linear dimensions of incinerator unit, including the cross-sectional area of the combustion chamber; description of auxiliary fuel system (type and feed); prime mover capacity and type; description of the automatic waste feed cut-off system(s); stack gas monitoring and pollution control equipment; nozzle and burner design; construction materials; and location and description of temperature, pressure, and flow indicating and control devices.  (A process and instrumentation diagram should be included.)


D-5b(1)(b)
Sampling and Monitoring Procedures: 9 VAC 20-60-1050.B.2.b.(3)


Describe sampling and monitoring procedures during the trial burn (i.e., waste feed, fuel feed rate, combustion gas velocity and emissions), including sampling and monitoring locations, equipment, frequency, and analytical procedures.  EPA approved sampling and analysis methods must be employed or, alternatively, a demonstration of equivalence with EPA approved methods must be made.


Quality assurance/quality control programs must be described.  Statistical analyses of trial burn data must utilize 95 percent confidence limits.


D-5b(1)(c)
Trial Burn Schedule: 9 VAC 20-60-1050.B.2.b.(4)


Submit a detailed schedule for each waste for which a trial burn is proposed, including, dates when trial burn(s) are planned; the duration of each trial burn; the quantity of waste to be burned during each trial burn; and any other relevant factors.


D-5b(1)(d)
Test Protocols: 9 VAC 20-60-1050.B.2.b.(5)


For each waste to be burned, describe ranges of conditions that will be tested, including:  waste constituents; combustion temperature ranges; waste feed rates; combustion gas velocity; and auxiliary fuel use.


D-5b(1)(e)
Pollution Control Equipment Operation: 9 VAC 20-60-1050.B.2.b.(4)


Describe any emission control equipment identified in D-5b(1)(a) and include the planned operating conditions for each.


D-5b(1)(f)
Shutdown Procedures: 9 VAC 20-60-1050.B.2.b.(7)


Describe procedures for rapidly stopping waste feed, shutting down the incinerator, and controlling emissions in the event of an equipment malfunction.


D-5c

Data Submitted in Lieu of a Trial Burn: 9 VAC 20-60-1010.K.5.c.


Provide the following data in lieu of a trial burn plan:


D-5c(1)

Detailed Engineering Description of Incinerator: 9 VAC 20-60-1010.K.5.c.(2)


Describe, at a minimum:  manufacturer's name and model, if available; incinerator type; linear dimensions of incinerator unit, including the cross-sectional area of the combustion chamber; description of auxiliary fuel system (type and feed); prime mover capacity and type; description of the automatic waste feed cut-off system(s); stack gas monitoring and pollution control equipment; nozzle and burner design; construction materials; and location and description of temperature, pressure, and flow indicating and control devices.  (A process and instrumentation diagram should be included.)


D-5c(2)

Expected Incinerator Operation: 9 VAC 20-60-1010.K.5.c.(6)


Submit information on the expected incinerator operation to demonstrate conformance with 264.343 and 263.345 including: expected carbon monoxide level in the stack exhaust gas; waste feed rate; combustion zone temperature; expected stack gas volume, flow rate and temperature; computed residence time for waste in the combustion zone' expected HCl removal efficiency, expected fugitive emissions and their control procedures; and proposed waste feed system cut-off limits based on identified significant operating parameters.


D-5c(3)

Design and Operating Conditions: 9 VAC 20-60-1010.K.4.c.(4)


Provide design and operating conditions of the incinerator unit compared with similar information from the unit used to develop data in lieu of trial burn.  Information contained in D-5c(1) and D-5c(2)should be used as a basis for comparison.


D-5c(4)

Previous Trial Burn Results: 9 VAC 20-60-1010.K.5.c.(5)


Describe the results from all previously conducted, approved trial burns.


D-5c(4)(a)
Sampling and Analysis Techniques: 9 VAC 20-60-1010.K.5.c.(5)(a)


Describe the sampling and analysis techniques used to demonstrate performance in past trial burn(s).  Unless EPA approved methods are used, the methods must be described and demonstrated to be equivalent with EPA approved methods.


D-5c(4)(b)
Methods and Results: 9 VAC 20-60-1010.K.5.c.(5)(b)


Describe the methods and results of monitoring temperatures, waste feed rates, carbon monoxide, and combustion gas velocity during past trial burn(s) (including a precision and accuracy statement regarding this measurement).


D-5d

Determinations: 9 VAC 20-60-1050.B.2.f.


If an approved trial burn has already been conducted, or if data in lieu of a trial burn is submitted, provide the following determinations:  quantitative analysis of waste feed POHCs; quantitative analysis of exhaust gas concentrations of trial POHCs, oxygen and HCl; computation of DRE; quantitative analysis of any scrubber water, ash residues and other residues (for use in estimating fate of trial POHCs); computation of HCl removal efficiency (if HCl emission rate exceeds 1.8 kg/hr); identification of fugitive emissions and their means of control; average temperatures; minimum temperatures; combustion gas velocity; and continuous-monitoring results of CO exhaust gas concentrations.


D-6

Landfills: 9 VAC 20-60-264 and 1010.K.7.; 40 CFR 264.300 through 264.317


D-6a

List of Wastes: 9 VAC 20-60-1010.K.7.a.


Provide a list of all hazardous wastes placed in landfills.


D-6b

Liner System Exemption Requests

D-6b(1)

Exemption Based on Existing Portion: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)


Existing portions of landfills that have wastes in place on November 8, 1984 and will have only vertical expansion are exempted from liner system requirements (items D-6 through D-6g).  New units, lateral expansions of existing units and replacement (i.e., all waste removed from an area and then replaced) units at existing facilities are not exempt.  Provide a plan indicating the limits of the existing portions.


D-6b(2)

Exemption Based on Alternative Design and Location: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(d)


If an exemption from the double liner and leachate collection and removal systems is requested based on an alternative design, document that the alternative design and operating practices, together with location characteristics, will prevent the migration of any hazardous constituents into the ground or surface water at least as effectively as a double liner with leachate collection/detection system, and will allow detection of hazardous constituents through the top liner as least as effectively.




D-6b(3)

Exemption for Monofills: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(e)


Demonstrate that the landfill will consist of a monofill receiving only wastes from foundry furnace emission controls or metal casting molding sand that are not hazardous wastes for reasons other than toxicity characteristics.  In addition, demonstrate either of the following:



The design and operating practices will, in conjunction with local aspects, prevent the migration of hazardous constituents into ground or surface waters at any future time; or


The site is located at least one quarter mile from a source of drinking water, has at least one nonleaking liner, and meets the requirements of Section 790 of Part X.


D-6b(4)

Groundwater Monitoring Exemption: 9 VAC 20-60-264 and 1010.K.7.d; 40 CFR 264.90(b)(2)


If an exemption from the Part X groundwater monitoring requirements is sought, provide data demonstrating that the following conditions are met.


D-6b(4)(a)
Engineered Structure: 9 VAC 20-60-264; 40 CFR 264.90(b)(2)(i)


Provide design data showing that the unit for which the exemption is sought is an engineered structure.


D-6b(4)(b)
No Liquid Waste:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)(ii)


Describe procedures for ensuring that no liquid waste or waste containing free liquids will be received by or contained in the unit.


D-6b(4)(c)
Exclusion of Liquids:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)(iii)


Provide design and operating data demonstrating how liquids, precipitation and other run-on and run-off will be excluded from the unit.


D-6b(4)(d)
Containment System:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)(iv)


Describe the containment system (both inner and outer layers) that will enclose the waste.


D-6b(4)(e)
Leak Detection System:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)(v)


Describe the design and operating data demonstrating the leak detection system built into each containment layer.


D-6b(4)(f)
Operation of Leak Detection System:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)(vi)


Demonstrate the means for ensuring continuing operation of the leak detection system during the active life of the unit and the closure and post-closure care periods.


D-6b(4)(g)
No Migration:  9 VAC 20-60-264; 40 CFR 264.90(b)(2)(vii)


Demonstrate to a reasonable degree of certainty, that the unit will not allow hazardous constituents to migrate beyond the outer layer of containment system prior to the end of the post-closure care period.


D-6c

Liner System - General Items: 


Provide a discussion of the following items that apply to the liner system.


D-6c(1)

Liner System Description: 9 VAC 20-60-264 and 1010.K.4.b.(1); 40 CFR 264.301(a) and (c)


Provide a detailed description of the liner system, demonstrating (by description and drawing) that any flow of liquids into and through the liner(s) will be prevented.  For each liner within the system, (minimum one upper synthetic liner and one lower composite synthetic/soil liner), describe the type of liner, its material and thickness.  The liner system includes the liner foundation, composite liner, leachate detection system, top synthetic liner, and any protective layer placed to protect the top synthetic liner from damage.


D-6c(2)

Liner Location Relative to High Water Table:  9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(i)


Provide data from at least a 12-month period showing fluctuations in the depth to the water table and the location of the seasonal high water table in relation to the liner system (i.e., groundwater levels and liner foundation elevations should be shown on geological cross sections).


D-6c(3)

Loads on Liner System: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(i)


Provide the results of calculations defining the minimum strength requirement for liners considering:


-
Static and dynamic loads;


-
Stresses resulting from settlement, compression subsidence, or uplift;


-
Stresses resulting from operating equipment;


-
Installation and construction operations stresses; 


-
Stresses due to the maximum quantity of waste, cover and proposed post-closure land use; and


-
Internal and external pressure gradients.


D-6c(4)

Liner System Coverage: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(iii)


Demonstrate that the liner will be installed to cover all surrounding earth likely to be in contact with the waste or leachate (i.e., construction, as-builts, or detailed drawings).


D-6c(5)

Liner Exposure Prevention: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(i)


Demonstrate that the liner will not be exposed to wind or sunlight or, if exposure is to be permitted, that such exposure will not result in unacceptable degradation of that portion of the system (i.e., drawings and/or specifications, as appropriate).  If the liner system will be exposed or is located close enough to the surface to be affected by changing temperatures, provide calculations defining the thermal stresses on the liner system due to thermal expansion and contraction.


D-6d

Liner System, Foundation

D-6d(1)

Liner Foundation Design Description: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(ii)


Describe the foundation for the liner system including materials and indicate bearing elevations on geological and construction drawings.  Indicate any bearing embankments placed to support the liner system.


D-6d(2)

Subsurface Exploration Data: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(i)


The engineering characteristics of the foundation materials, including subsurface soil, bedrock and geologic conditions should be verified through subsurface explorations.  These efforts should be described by including location plans and cross sections for test pits, test boring, etc., and descriptions or references for the procedures used, and may include:


-  Historical data;


-  Test borings;


-  Test pits or trenches;


-  In situ tests; and/or


-  Geophysical exploration methods.


D-6d(3)

Laboratory Testing Data:  9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(ii)


Results from sufficient index testing should be provided to classify the site materials.  Other lab test data should be provided to evaluate the engineering properties of the foundation materials, particularly for strength, hydraulic conductivity, compressibility, and other important design parameters.  Provide copies of the test methods used to test the material or provide references as appropriate and with any revisions to standard test procedures.


D-6d(4)

Engineering Analyses:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii)


Engineering analyses should be provided which are based on the data gathered through subsurface exploration and laboratory testing programs.  With the analyses, include a discussion of methods used, assumptions, copies of calculations, and appropriate references.  Include, as appropriate, discussions on:



Settlement potential;



Bearing capacity;



Potential for excess hydrostatic or gas pressure [item D-6d(4)(c)];



Seismic conditions;



Subsidence potential; and



Sinkhole potential.


D-6d(4)(a)
Settlement Potential:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii)


Provide estimates of the total and differential settlement of the liner system foundation, including immediate settlement, primary consolidation and secondary consolidation.  Stresses imposed by dikes, liners, wastes and equipment should be considered [see item D-4c(3)].


D-6d(4)(b)
Bearing Capacity:  9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii)


Provide estimates of the allowable bearing capacity and stability of the foundation.  Compare allowable bearing capacity to the required bearing capacity based on loads imposed by the liner system and the applicable loads computed in item D-6c(3).


D-6d(4)(c)
Stability of Landfill Slopes: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii)


Provide, as appropriate, analyses of the stability of:



Excavated slopes for units or portions constructed below grade;



Embankment slopes for units constructed with earthen dikes or berms to support the liner system or contain the waste; and



Landfill slopes consisting of the liner system or cover system placed on the waste.


D-6d(4)(d)
Potential for Bottom Heave or Blow-out: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii)


Provide estimates of the potential for bottom heave or blow-out due to unequal hydrostatic or gas pressures.


D-6e

Liner System, Liners

D-6e(1)

Synthetic Liners: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii) and 264.301(c)


For each synthetic liner in the system provide the following general information:



Thickness;



Type;



Material;



Brand name; and



Manufacturer.


Provide data for all synthetic liners under consideration.  Detailed synthetic liner material specifications must also be provided as per item D-6g(1)(a).


D-6e(1)(a)
Synthetic Liner Compatibility Testing Data: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(i)


Provide the results of liner/waste compatibility testing demonstrating that liner strength and performance are still adequate after exposure to waste leachates.  Both primary and secondary leachates should be used in this testing.


Provide a detailed description of the testing procedure used, or if appropriate, reference a standard test method, along with complete test results.  Describe how the waste and waste leachate samples were obtained and demonstrate that they were representative of what the liner will be exposed to within the landfill.  Provide summary and discussion of the test results and conclusions as to the suitability of the synthetic liner.


D-6e(1)(b)
Synthetic Liner Strength: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(i)


Provide data showing that the synthetic liners have sufficient strength after exposure to waste and waste leachate to support the loads/stresses computed in item D-64c(3) above (i.e., consider tensile stresses resulting from settlement).  Also demonstrate that the liner seams will have sufficient strength.


D-6e(1)(c)
Synthetic Liner Bedding: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a)(1)(ii)


Demonstrate that sufficient bedding will be provided above and below the synthetic liners to prevent rupture of the synthetic liner during installation and operation (i.e., thickness and gradation).  Note: The synthetic membrane of a bottom composite liner should be placed directly on the soil portion.


D-6e(2)

Soil Liners: 9 VAC 20-60-264 and 1010.K.3.b.(1); 40 CFR 264.301(a) and (c)


Provide a description of the soil portion of the bottom composite liner including its classification, thickness and hydraulic conductivity.  The composite bottom liner must consist of a least two components.  The upper component must be designed and constructed of materials (e.g., a geomembrane) to prevent the migration of hazardous constituents during the active life and the post-closure care period of the landfill.  The lower component must be constructed of at least three feet of compacted soil material.  Indicate if the soil liner is in-place material or of borrow material will be used.  For in-place soil, indicate if the soil will be recompacted or amended in any way.  For borrow material, provide a plan showing the location of the borrow area and indicate if the soil will be amended in any way.  When analyzing the soil liner, assume that the synthetic liners have leaked, thus exposing the soil liner to the waste leachate. Note: The use of in situ soil as the soil liner is permitted only if the in situ soil is recompacted or reworked to provide a hydraulic conductivity of not more than 1 x 10-7 cm/sec.  Detailed soil liner material specifications must also be provided as per item D-6g(1)(b).


D-6e(2)(a)
Material Testing Data: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(c)


Provide test results for index tests, laboratory and/or insitu hydraulic conductivity tests, strength tests, consolidation tests, and shrink-swell properties of the soil liner material.  Provide copies of the test procedures, or if appropriate, reference standard test methods, along with complete test results.  Discuss the potential for dispersion and piping of the soil due to flow of liquid through the soil liner.


D-6e(2)(b)
Soil Liner Compatibility Data: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(i) and 264.301(c)(3)(iii)


Provide the results of permeability testing of the soil liner material using leachate representative of the leachate that the landfill could generate.  Discuss the effects, if any, of the leachate on the soil permeability.  Provide copies of the test procedures, or if appropriate, reference standard test methods, along with a description of how the leachate samples were prepared or obtained, a demonstration that the leachate sample is representative, and the complete test results.


D-6e(2)(c)
Soil Liner Strength:  9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)(i) and 264.301(c)(3)(iii)


Demonstrate that the soil liner has sufficient strength to support the loads/stresses computed in checklist item D-6c(3).  (Note: In some cases, low permeability is achieved at the expense of strength.)


D-6f

Liner System, Leachate Collection/Detection Systems:  9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2) and 264.301(c)(2) and (3)


Describe the design features of the leachate collection and removal system and how the system will function to remove collected leachate in a timely manner.  Provide the following information describing the design and operation of a system to collect, detect, and remove leachate.  Provide detailed material specifications as per item D-6g(1)(c).


D-6f(1)

System Design and Operation: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2) and 264.301(c)(2) and (3)


Describe the design features of the leachate collection and removal system and how the system will function to remove collected leachate in a timely manner.  Describe the design features of the leachate detection system and how the system will function to detect any leakage through either liner in a timely manner.  Describe how liquid can be removed from the leachate detection system.  Describe any protective layer placed over the leachate detection system to protect it from damage caused by waste placement operations.


D-6f(2)

Drainage Material: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2) and 264.301(c)(3)(ii)


Describe the leachate detection system drainage material.  The detection system must be constructed of granular drainage materials with a hydraulic conductivity of 1 x 10-1 cm/sec or more and a thickness of 12 inches or more; or the detection system must be constructed of synthetic or geonet drainage materials with a transmissivity of 3 x 10-5 m2/sec or more.


D-6f(3)

Grading and Drainage: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2) and 264.301(c)(2) and (3)


Indicate the slopes of the leachate collection/detection system and a provide contour plan for the system along with a plan showing the layout and spacing of the piping system.  For leachate collection and removal systems with slopes of less than 2%, demonstrate that the proposed systems will drain as well as one with a minimum of 2% slopes (i.e., through the use of an alternative design).  Demonstrate that the leak detection system (located above the lower-most liner) will be constructed with a bottom slope of 1% or more.  Demonstrate that the leachate collection and removal system and leak detection system are appropriately graded to assure that leakage at any point in the liner system is detected in a timely manner.


Provide details of the piping system, along with any sumps, pumps, etc. and demonstrate that the pipes and pipe perforations are sized sufficiently to handle the expected flow of leachate.   For design of the leak detection system (located between the liners), provide sufficient piping to provide for rapid and timely detection of any leakage.  The leak detection system pumps must be separate from the leachate collection system sumps and provide for provisions for measuring the quantity of collected leachate or leakage.


D-6f(4)

Maximum Leachate Head: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2) and 264.301(c)(2)


Describe and demonstrate that the design and operating features that will prevent leachate depth over the top of the primary liner from exceeding one foot (i.e., the uppermost liner). Provide copies of calculations along with a justification of the assumed parameters and of the numerical techniques used.


D-6f(5)

Chemical Resistance: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2) and 264.301(c)(3)(ii)


Demonstrate that all components of the leachate collection and removal system components are chemically resistant to the waste managed in the landfill and the leachate expected to be generated.


D-6f(6)

Systems Strength: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2)(i)(B) and 264.301(c)(3)(iii)


D-6f(6)(a)
Stability of Drainage Layers: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2)(i)(B) and 264.301(c)(3)(iii)


Demonstrate that the drainage layers of the leachate collection/detection systems have sufficient strength to support the loads and stresses computed in item D-6c(3) (i.e., sufficient soil bearing capacity to support loads).  Demonstrate (by providing calculations) that the drainage layers placed on sloped surfaces of the landfill or foundation will be stable during construction.


D-6f(6)(b)
Strength of Piping: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2)(i)(B) and 264.301(c)(3)(iii)


Demonstrate that the pipe used in the piping systems has sufficient strength (crushing or deflection, as appropriate) to support the loads computed interim D-6c(3).


D-6f(7)

Prevention of Clogging: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(2)(ii) and 264.301(c)(3)(iv)


Demonstrate that the leachate collection/detection systems are designed and operated to prevent clogging (due to piping)of the drainage material or the pipes throughout the active life of the landfill.  Consideration must also be given to physical, chemical and/or biological clogging.  As an alternative, describe how clogging would be detected and what clean-out procedures would be used to restore the capacity of the system.  Include calculations demonstrating the effectiveness of the protection material or system.


D-6f(8)

Liquid Removal: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(c)(3)(v) and (4)


Describe the sumps and liquid removal methods (e.g., pumps) of sufficient size to collect and remove liquids from the sump and prevent liquids from backing up into the drainage layer.  Each unit must have its own sump.  Each sump must have a method for measuring and recording the volume of liquids present in the sump and of liquids removed.


Indicate that the owner/operator will collect and remove pumpable liquids in the sumps to minimize the head on the bottom liner.  Indicate the fate of the collected leachate, which may be either characteristic or listed hazardous waste.


D-6f(9)

Location Relative to High Water Table:  9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(c)(5)


The owner/operator of a leak detection system that is not located  completely above the seasonal high water table must demonstrate that the operation of the leak detection system will not be adversely affected by the presence of groundwater.


D-6g

Liner System, Construction and Maintenance

D-6g(1)

Material Specifications

D-6g(1)(a)
Synthetic Liners:   9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)


Provide detailed material specifications for the specific synthetic liner or liners of be used.


D-6g(1)(b)
Soil Liners: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1)


For soil liners constructed of borrow material, provide specifications for the soil material.  For soil liners using in-place soil, provide specifications to be used to assure that all existing materials meet the requirements of the liner design.  Provide a testing procedure for determining in situ permeability of the soil liner after construction.  Also provide a criteria for approval of the material before placement of additional components of the liner system.  For soil liners that use amended soil, provide material specifications for the amended material.  The soil liner material specifications should indicate the maximum particle size (this is very critical for a synthetic liner placed directly on the soil liner) and call for the removal of roots and other unsuitable material.


D-6g(1)(c)
Leachate Detection System: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a) and (c)


Provide material specifications for:



Drainage layer material;



Filter fabric or filter layer;



Piping; and



Sumps.


D-6g(2)

Construction Specifications

D-6g(2)(a)
Liner System Foundation: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1) and 264.303(a)(1)


For installed foundations, provide construction specifications of the foundation installation procedures.  For units that use the in-place material for the liner system foundation, provide construction specifications for preparation of the liner system foundation.


D-6g(2)(b)
Soil Liner: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1) and 264.303(a)


Describe the procedures for installing the liner.  Include:



Method of compaction;



Degree of compaction and percent moisture content that must be achieved;



Lift thickness;



Methods to be used to alter the water content of the soil;



Scarification requirement between lifts; and



If applicable, method of amending the soil.


D-6g(2)(c)
Synthetic Liners: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)(1) and 264.303(a)(1)


Provide construction specifications for placement of the synthetic liners which include:



Inspection of the synthetic liner bed for material which could puncture the liner (and removal of that material);



Placement procedures;



Techniques to be used to bond the liner seams; and



Procedures for protection of the liner before and during placement of material on top of the liner.


D-6g(2)(d)
Leachate Collection/Detection System: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a) and (c)


Provide construction specifications for placement of all components of the leachate collection/detection system, including:



Drainage layers;



Piping;



Sumps, pumps, etc.;



Filter layers; and



Any protective layer placed to protect the system during construction or operations.


D-6g(3)

Construction Quality Assurance Program: 9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.19 and 264.303(a)


Provide complete details of the Construction Quality Assurance (CQA) Program to be used during the construction of the liner system to assure that it is built as designed.  Include a description of all testing procedures such as testing of the synthetic liner seams, in situ permeability testing of the soil liner, compaction control for the soil liner, etc.  Indicate if the owner or the operator will perform the testing and inspection and indicate the necessary qualifications of the testing and inspection personnel.


The program must be developed and implemented under the direction of a CQA officer who is a Virginia registered professional engineer.  The CQA Program must:



Identify all applicable units and provide a description of how they will be constructed;



Identify key personnel and provide CQA officer qualifications;



Describe observations, inspections, tests, and measurements sufficient to ensure the structural stability and integrity of all foundations, dikes, low permeability soil liners, geomembranes, leachate collection and removal systems, and leak detection systems;



Describe observations, inspections, tests, and measurements sufficient to ensure proper construction and installation (as appropriate) of liners, leachate collection and removal systems, leak detection system, and final cover system;



Describe observations, inspections, tests, and measurements sufficient to ensure conformity of all materials used, in accordance with design and other material specifications; and



Describe test fills for compacted soil liners using the same method as the full scale unit to ensure hydraulic conductivity requirements are met.


Provide a statement that waste shall not be received in the until the owner/operator has certified that the CQA program has been successfully carried out and that the unit meets construction requirements.


D-6g(4)

Maintenance Procedures for Leachate Collection/Detection Systems:  9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a) and (c)


Describe the anticipated maintenance activities that will be used to assure proper operation of the leachate collection/detection systems throughout the landfills expected life.


D-6g(5)

Liner Repairs During Operations:   9 VAC 20-60-264 and 1010.K.7.b.(1); 40 CFR 264.301(a)


Describe the methods that will be used to repair any damage to the liner that occurs while the landfill is in operation (such as a dozer ripping the liner).


D-6h

Run-on and Run-on Control Systems:  


D-6h(1)

Run-on Control System: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(g)


Describe the system that will be used to prevent run-on onto active portions of landfills.


D-6h(1)(a)
Calculation of Peak Flow:  9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(g)


Identify the peak surface water flow expected to result from a 25 year design storm.  Describe the data sources and methods used to make the peak flow calculation.  Provide copies of the calculations and data, including appropriate references.


D-6h(1)(b)
Design and Performance: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(g)


Describe the run-on control system design.  Demonstrate that system design will prevent run-on from reaching active portions of the site.  Provide a plan view showing the locations of the run-on control system components along with sufficient drawing details, cross sections and calculations used to size the system.


D-6h(2)

Run-off Control System: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(h)


Describe the run-off control system to be used to collect and control run-off from active portions.


D-6h(2)(a)
Calculation of Peak Flow: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(h)


Identify the total run-off volume expected to result from a 24-hour 25-year storm.  Describe data sources and methods used to make the peak flow calculation.  Provide copies of the calculations and data, including appropriate data.


D-6h(2)(b)
Design and Performance: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(h)


Describe the run-off collection and control system design.  Demonstrate that the system has sufficient capacity to collect and hold the total run-off volume calculated.  Provide a plan view showing the locations of the run-off control system components, along with sufficient drawing details and cross sections.  Indicate the fate of the collected run-off that is considered hazardous waste until tested and/or treated.


D-6h(3)

Management of Collection and Holding Units: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(i)


Describe how collection and holding facilities associated with run-on and run-off control systems will be emptied or otherwise managed expeditiously after storms to maintain system design capacity.  Describe the fate of liquids discharged from these system.


D-6h(4)

Construction: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(g) and (h)


Describe the methods to be employed to construct the run-off collection and control system.  Include descriptions of any construction inspection program to be employed to assure construction in accordance with design requirements.


D-6h(5)

Maintenance: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(g) and (h)


Describe any maintenance activities required to assure continued proper run-off system operation throughout the unit's active life.


D-6i

Control of Wind Dispersal: 9 VAC 20-60-264 and 1010.K.7.b.(2); 40 CFR 264.301(j)


If the landfill contains any particulate matter which may be subject to wind dispersal, describe how the landfill is covered or otherwise managed to control wind dispersal.


D-6j

Liquids in Landfills:  


D-6j(1)

Bulk or Noncontainerized Free Liquids: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314


Describe the procedures that will be used to assure that no bulk or noncontainerized liquid hazardous waste or waste with free liquids will be placed in the landfill.  Describe the process used to stabilize liquids before placement in the landfill.  (Note: The use of materials that act only as sorbents is prohibited.)  Effective November 8, 1985, demonstrate that no free liquids, including nonhazardous liquids, will be placed in the landfill unless it can be demonstrated that placement in the landfill is the only reasonable available alternative to disposal in other landfills or unlined surface impoundments and the placement of the liquids will not present a risk of contamination of any underground source of drinking water.  (Note: The use of the paint filter test, Method 9095, is required in order to demonstrate the absence of free liquids in a stabilized waste.)


D-6j(2)

Containers Holding Free Liquids: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314


If containers holding free liquids are to be landfilled, describe how free liquids will be removed from the containers or stabilized before the container is placed in the landfill.  If the liquid is removed, the container must be backfilled or crushed as discussed in checklist section D-6k below.


D-6j(3)

Restriction to Small Containers: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)


Demonstrate (by indicating the container volume) that containers will be very small (such as ampules).


D-6j(4)

Nonstorage containers: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(3)


Demonstrate (by describing the containers) that the containers are designed to hold free liquids for use other than storage (e.g., batteries, capacitors).


D-6j(5)

Labpacks: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(4)


Describe how it will be assured that labpacks to be landfilled containing free liquids meet the following requirements.


D-6j(5)(a)
Inside Containers: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(4) and 264.316(a)


Demonstrate how it will be assured that inside containers:



Are securely sealed and not leaking;



Will not react with, be decomposed by, or ignited by the waste; and



Meet DOT specifications.


D-6j(5)(b)
Overpack:  9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(4) and 264.316(b)


Demonstrate that overpacking consists of:



Metal, DOT containers, with open heads no larger than 110 gallons; and



Sufficient sorbent material determined to be non-biodegradable to completely sorb all of the liquid contents of the inside container.


D-6j(5)(c)
Sorbent Materials: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(4), 264.314(e),  and 264.316(a)


Demonstrate that the sorbent materials used are not capable of reacting dangerously with, being decomposed by, or being ignited by the contents of the inside containers.  Sorbents to be used to treat free liquids to be disposed of in landfills must be non-biodegradable using ASTM Method G21-70 (1984a), Standard Practice for Determining Resistance of Synthetic Polymer Materials to Fungi; or ASTM Method G22-76 (1984b), Standard Practice for Determining Resistance of Bacteria to Plastics.


D-6j(5)(d)
Incompatible Wastes: 9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(4) and 264.316(d)


Demonstrate that incompatible wastes will not placed in the same outside containers.


D-6j(5)(e)
Reactive Wastes:  9 VAC 20-60-264 and 1010.K.7.h.; 40 CFR 264.314(d)(4) and 264.316(e)


Demonstrate how reactive wastes, other than cyanide-bearing and sulfide-bearing wastes, will be treated or rendered nonreactive prior to packaging.


D-6k

Containerized Wastes: 9 VAC 20-60-264 and 1010.K.7.i.; 40 CFR 264.315


If containerized wastes are to be landfilled, describe how it will be assured that all containers are at least 90% full when placed in the landfill, or containers will be crushed, shredded, or similarly reduced in volume to the maximum extent before burial. 


D-6l

Special Waste Management Plan for Landfills Containing Wastes F020, F021, F022, F023, F026, and F027: 9 VAC 20-60-264 and 1010.K.7.j.; 40 CFR 264.317


Provide a plan describing how landfill units containing wastes F020, F021, F023, F026, and F027 are or will be designed, constructed, operated, and maintained in order to protect human health and the environment.  The plan must address the following factors.


D-6l(1)

Wastes Description: 9 VAC 20-60-264 and 1010.K.7.j.(1); 40 CFR 264.317(a)(1)


Identify the volume, physical, and chemical characteristics of the wastes including their potential to migrate through the soil or volatilize or escape into the atmosphere.


D-6l(2)

Soil Description: 9 VAC 20-60-264 and 1010.K.7.j.(2); 40 CFR 264.317(a)(2)


Describe the attenuative properties of the underlying and surrounding soils and other materials.


D-6l(3)

Mobilizing Properties: 9 VAC 20-60-264 and 1010.K.7.j.(3); 40 CFR 264.317(a)(3)


Describe the mobilizing properties of other materials co-disposed with these wastes.


D-7

Land Treatment: 9 VAC 20-60-264 and 1010.K.6.; 40 CFR 264.270 through 264.283


D-7a

Treatment Demonstration:  9 VAC 20-60-264 and 1010.K.6.a; 40 CFR 264.272(c)(1)(i)


Demonstrate that hazardous constituents in the waste will be completely degraded, transformed or immobilized in the treatment zone of the unit for which a permit is sought or provide plans for conducting such a demonstration.   The demonstration may include field tests, laboratory tests, waste toxicity screening, and, in the case of existing units, operating data.


D-7a(1)

Demonstration Wastes: 9 VAC 20-60-264 and 1010.K.6.a.(1); 40 CFR 264.272(b)


Describe the wastes used in the demonstration and the wastes to be treated during normal operation.  Identify the concentrations of potential hazardous constituents reasonably expected to be present in both wastes.


D-7a(2)

Demonstration Data Sources: 9 VAC 20-60-264 and 1010.K.6.a.(2); 40 CFR 264.272(b)


Describe the source of the data used for the treatment demonstration and provide available determinations.


D-7a(2)(a)
Existing Literature: 9 VAC 20-60-264 and 1010.K.6.a.(2); 40 CFR 264.272(b)


If existing literature is used to demonstrate treatment, submit a brief written review of scientific literature and previous studies that contain pertinent information.  Information sources should be properly referenced.  In general, existing literature will not be acceptable as a demonstration unless it can be shown that the site and waste characteristics are identical to those in literature.


D-7a(2)(b)
Operating Data: 9 VAC 20-60-264 and 1010.K.6.a.(2); 40 CFR 264.272(b)


Provide any operating data gathered from the units to be permitted, including application rate data and operating records.  Provide sampling and analysis methods used and the results obtained that provide analytical confirmation of the extent of waste degradation, transformation and immobilization, as appropriate.  When using operating data in the demonstration, indicate that the unit operations will not be different than those used in obtaining the data.


D-7a(3)

Laboratory/Field Testing Programs: 9 VAC 20-60-264 and 1010.K.6.a.(3); 40 CFR 264.272(b) and (c)


Field and laboratory tests to be used for the demonstration should be thoroughly described.  The characteristics of the units used to gather the demonstration data should be compared to those of the units to be permitted.  Include interpretive discussions as appropriate.


D-7a(3)(a)
Toxicity Testing: 9 VAC 20-60-264 and 1010.K.6.a.(2); 40 CFR 264.272(b)


Describe the acute toxicity test procedures used to estimate the impact of waste application or waste constituents on the soil biota responsible for waste treatment.


D-7a(3)(b)
Field Plot Testing: 9 VAC 20-60-264 and 1010.K.6.a.(2) and (3); 40 CFR 264.272(b) and (c)


Describe the field plot studies used to demonstrate the treatability of the waste(s) or waste constituents, including:



The design and operating characteristics of the demonstration unit;



Horizontal and vertical dimensions of the treatment zone;



The unsaturated zone monitoring program used in the demonstration;



Documentation that the demonstration will accurately simulate the waste characteristics; climate, topography, soil characteristics and operating practices at the proposed unit;



A description of the measures to ensure the protection of human health and the environment including the potential for the migration of hazardous constituents to groundwater or surface water; and



The demonstration duration and schedule.


D-7a(3)(c)
Laboratory Testing:  9 VAC 20-60-264 and 1010.K.6.a.(2) and (3); 40 CFR 264.272(b) and (c)


Describe the laboratory test methods used to demonstrate the treatability of the waste(s) or waste constituents, including:



Experimental design and test protocol;



Material and methods employed;



Methods for data reduction and interpretation;



Documentation that the laboratory testing will accurately simulate the characteristics and operating procedures of the proposed unit;



A description of the procedures to protect human health; and



Clean-up activities to be used at test completion.


D-7b

Land Treatment Program: 9 VAC 20-60-264 and 1010.K.6.b.; 40 CFR 264.271


Describe the characteristics and operating conditions of the land treatment unit(s) to be permitted.


D-7b(1)

List of Wastes: 9 VAC 20-60-264 and 1010.K.6.b.(1); 40 CFR 264.271(b)


Provide a list of all wastes and their hazardous characteristics that will be transformed, immobilized, or degraded in the treatment zone.


D-7b(2)

Operating Procedures: 9 VAC 20-60-264 and 1010.K.6.b.(2); 40 CFR 264.273(a)


Describe the operating procedures used to assure uniform and complete degradation, transformation and immobilization.


D-7b(2)(a)
Waste Application Rates and Methods:  9 VAC 20-60-264 and 1010.K.6.b.(2)(b); 40 CFR 264.273(a)(1)


Submit information establishing the constituents in the wastes which limit the amount of waste applied at one time, the rate at which reapplication is conducted, and the total capacity of each unit.  Identify the rate and frequency of waste application and the concentration of the limiting constituents in the waste.  Describe the methods utilized to apply and incorporate wastes to the unit.


D-7b(2)(b)
Control of Soil pH:  9 VAC 20-60-264 and 1010.K.6.b.(2)(c); 40 CFR 264.273(a)(2)


Identify acceptable limits of soil pH and describe the rationale for those limits.  Describe how soil pH will be measured and adjusted, including schedule for the same.


D-7b(2)(c)
Enhancement of Microbial or Chemical Reactions:   9 VAC 20-60-264 and 1010.K.6.b.(2)(c); 40 CFR 264.273(a)(3)


Describe measures used to enhance treatment, including the method and frequency of such measures (e.g., fertilization, microbial inoculations, soil aeration).


D-7b(2)(d)
Control of Soil Moisture:   9 VAC 20-60-264 and 1010.K.6.b.(2)(d); 40 CFR 264.273(a)(4)


Identify the limits on soil moisture content.  Describe how soil moisture will be monitored and adjusted, if necessary.


D-7c

Unsaturated Zone Monitoring Plan: 9 VAC 20-60-264 and 1010.K.6.b.(3); 40 CFR 264.278


Submit an Unsaturated Zone Monitoring Plan describing the measures used to determine if hazardous wastes have migrated out of the treatment zone.


D-7c(1)

Soil-Pore Liquid Monitoring: 9 VAC 20-60-264 and 1010.K.6.b.(3); 40 CFR 264.278


Describe the program for sampling and analysis of soil-pore liquid to detect the migration of dissolved constituents below the treatment zone.


D-7c(1)(a)
Sampling Location: 9 VAC 20-60-264 and 1010.K.6.b.(3)(ii); 40 CFR 264.278(b) and (d)


Identify sampling locations, if known, and provide the rationale used to select locations.  Demonstrate that the sampling locations provide the capability to detect migration of hazardous constituents out of the treatment zone.  Indicate that the samples will be collected from immediately below the treatment zone.


D-7c(1)(b)
Sampling Frequency: 9 VAC 20-60-264 and 1010.K.6.b.(3)(i); 40 CFR 264.278(e)


Provide a schedule for sampling soil-pore liquid.  Demonstrate that the proposed frequency is adequate, considering potential migration rates of hazardous constituents out of the treatment zone.


D-7c(1)(c)
Sampling Equipment: 9 VAC 20-60-264 and 1010.K.6.b.(3)(i); 40 CFR 264.278(e)


Identify and describe equipment used to obtain soil-pore liquid samples.


D-7c(1)(d)
Sampling Equipment Installation: 9 VAC 20-60-264 and 1010.K.6.b.(3)(i); 40 CFR 264.278(e)


Describe the procedures used to install soil-pore liquid monitoring devices.


D-7c(1)(e)
Sampling Procedures: 9 VAC 20-60-264 and 1010.K.6.b.(3)(a); 40 CFR 264.278(e)(1) and (2)


Describe soil-pore liquid sampling procedures, including methods for sample preparation, preservation and transport.


D-7c(1)(f)
Analytical Procedures: 9 VAC 20-60-264 and 1010.K.6.b.(3)(c); 40 CFR 264.278(e)(3)


Identify the analytical methods used to determine the concentration of hazardous constituents in collected samples.


D-7c(1)(g)
Chain of Custody: 9 VAC 20-60-264 and 1010.K.6.b.(3)(d); 40 CFR 264.278(e)(4)


Provide a description of the methods to be utilized to assure sample integrity throughout sampling, transportation, analysis and reporting.


D-7c(1)(h)
Background Values: 9 VAC 20-60-264 and 1010.K.6.b.(3)(e); 40 CFR 264.278(c)


Describe the sampling and analytical program used to establish background soil-pore liquid concentrations of hazardous constituents.  Identify sampling locations and depths, verifying that the area used is representative of the active site soil conditions.  Specify the frequency of background sampling.  Indicate that background values will be expressed in a form that will permit their comparison with on-site values.  Provide background data, if available.


D-7c(1)(i)
Statistical Methods: 9 VAC 20-60-264 and 1010.K.6.b.(3)(f); 40 CFR 264.278(f)


Describe the statistical methods that will be used to determine if significant differences exist between background and treatment zone concentrations of hazardous constituents in soil-pore liquids.


C-7c(1)(j)
Justification of Principle Hazardous Constituents: 9 VAC 20-60-264 and 1010.K.6.b.(3)(g); 40 CFR 264.278(a)(2)


Provide a suggested list of 40 CFR 261 Appendix VIII hazardous constituents to be monitored for in soil-pore liquids.  Demonstrate that the selected principal hazardous constituents are more difficult to treat than all other Appendix VIII constituents present in the waste.


D-7c(2)

Soil Core Monitoring: 9 VAC 20-60-264 and 1010.K.6.b.(3); 40 CFR 264.278


Describe the program for sampling and analysis of soil cores to detect the migration of dissolved constituents below the treatment zone.


D-7c(2)(a)
Sampling Location: 9 VAC 20-60-264 and 1010.K.6.b.(3)(b); 40 CFR 264.278(b) and (d)


Identify sampling locations, if known, and provide the rationale used to select locations.  Demonstrate that the sampling locations provide the capability to detect migration of hazardous constituents out of the treatment zone.  Indicate that the samples will be collected from immediately below the treatment zone.


D-7c(2)(b)
Sampling Frequency: 9 VAC 20-60-264 and 1010.K.6.b.(3)(a); 40 CFR 264.278(e)


Provide a schedule for sampling soil-pore liquid.  Demonstrate that the proposed frequency is adequate, considering potential migration rates of hazardous constituents out of the treatment zone.


D-7c(2)(c)
Sampling Equipment: 9 VAC 20-60-264 and 1010.K.6.b.(3)(a); 40 CFR 264.278(e)


Identify and describe equipment used to sample soil cores.


D-7c(2)(d)
Sampling Procedures: 9 VAC 20-60-264 and 1010.K.6.b.(3)(a); 40 CFR 264.278(e)(1) and (2)


Describe soil core sampling procedures including methods for sample preparation, preservation and transport.


D-7c(2)(e)
Analytical Procedures: 9 VAC 20-60-264 and 1010.K.6.b.(3)(c); 40 CFR 264.278(e)(3)


Identify the analytical methods used to determine the concentration of hazardous constituents in soil core samples.


D-7c(2)(f)
Chain of Custody: 9 VAC 20-60-264 and 1010.K.6.b.(3)(d); 40 CFR 264.278(e)(4)


Provide a description of the methods to be utilized to assure sample integrity throughout sampling, transportation, analysis and reporting.


D-7c(2)(g)
Background Values: 9 VAC 20-60-264 and 1010.K.6.b.(3)(e); 40 CFR 264.278(c)


Describe the sampling and analytical program used to establish background soil core concentrations of hazardous constituents.  Identify sampling locations and depths, verifying that the area used is representative of the active site soil conditions.  Specify the frequency of background sampling.  Indicate that background values will be expressed in a form that will permit their comparison with on-site values.  Provide background data, if available.


D-7c(2)(h)
Statistical Methods: 9 VAC 20-60-264 and 1010.K.6.b.(3)(f); 40 CFR 264.278(f)


Describe the statistical methods that will be used to determine if significant differences exist between background and treatment zone concentrations of hazardous constituents in soil core samples.


C-7c(2)(i)
Justification of Principle Hazardous Constituents: 9 VAC 20-60-264 and 1010.K.6.b.(3)(g); 40 CFR 264.278(a)(2)


Provide a suggested list of Appendix 3.6 hazardous constituents to be monitored for in soil core samples.  Demonstrate that the selected principal hazardous constituents are more difficult to treat than all other Appendix 3.6 constituents present in the waste.


D-7d

Treatment Zone Description: 9 VAC 20-60-264 and 1010.K.6.b.(5); 40 CFR 264.271(c)


Identify the dimensions of the treatment zone and the soil(s) within the treatment zone.


D-7d(1)

Horizontal and Vertical Dimensions: 9 VAC 20-60-264 and 1010.K.6.b.(5); 40 CFR 264.271(c)


Identify the horizontal and vertical dimensions of the treatment zone.


D-7d(2)

Soil Survey: 9 VAC 20-60-264 and 1010.K.6.b.(5); 40 CFR 264.272(c)(1)(iv)


Provide a map or plot plan delineating the horizontal boundaries of the treatment zone and all soil series occurring within the treatment zone.


D-7d(3)

Soil Series Descriptions: 9 VAC 20-60-264 and 1010.K.6.b.(5); 40 CFR 264.272(c)(1)(iv)


Submit a description of each soil series identified within the treatment zone, including:


-  Profile description with horizonation


-  Depth


-  Color


-  USDA texture


-  Structure


-  Thickness


-  Slope


-  Mineralogy


-  Use and vegetation


-  Atterburg limits


-  Water capacity


-  Shrink-swell potential


-  Erosion factors


-  Salinity


D-7d(4)

Soil Sampling Data: 9 VAC 20-60-264 and 1010.K.6.b.(5); 40 CFR 264.272(c)(1)(iv)


Provide the results of soil analyses for each treatment zone soil series.


D-7d(5)

Seasonal High Water Table: 9 VAC 20-60-264; 40 CFR 264.271(c)(2)


Identify the depth to the seasonal high water table and the source of that data.


D-7e

Unit Design, Construction, Operation and Maintenance:  9 VAC 20-60-264 and 1010.K.6.c; 40 CFR 264.273


Describe the design, construction, operation and maintenance of run-on, run-off and wind dispersal controls.


D-7e(1)

Run-on Control: 9 VAC 20-60-264 and 1010.K.6.c.(1); 40 CFR 264.273(c)


Submit a scale drawing of the unit showing any run-on controls utilized.  Demonstrate that those controls will prevent flow onto the treatment zone from at least a 25-year storm.


D-7e(2)

Run-off Control: 9 VAC 20-60-264 and 1010.K.6.c.(2); 40 CFR 264.273(c)


Describe the run-off collection and control system and demonstrate that it is capable of managing the peak flow resulting from a 24-hour 25-year storm.


D-7e(3)

Minimizing Hazardous Constituent Run-off: 9 VAC 20-60-264 and 1010.K.6.c.(3); 40 CFR 264.273(b)


Identify specific measures that will minimize the concentration of hazardous constituents in run-off from the unit.

D-7e(4)

Management of Accumulated Run-on and Run-off: 9 VAC 20-60-264 and 1010.K.6.c.(4); 40 CFR 264.273(e)


Demonstrate that collection and holding facilities associated with run-on and run-off control systems will be managed after storms to maintain the minimum required design capacity of the system.  Describe the fate of collected surface water including sampling and analysis protocols for determining contaminant levels.


D-7e(5)

Control of Wind Dispersal: 9 VAC 20-60-264 and 1010.K.6.c.(6); 40 CFR 264.273(f)


Describe the methods employed to control wind dispersal of particulate matter from the treatment zone.


D-7f

Food Chain Crops: 9 VAC 20-60-264 and 1010.K.6.d; 40 CFR 264.276


Demonstrate that there is no substantial risk to human health or the environment caused by the growth of food chain crops on the unit.


D-7f(1)

Food Chain Crop Demonstration:  9 VAC 20-60-264 and 1010.K.6.d; 40 CFR 264.276(a)(1)


For all hazardous constituents, except cadmium, demonstrate that:



Hazardous constituents will not be transferred to the food or feed portions of the crop nor ingested by food chain animals; or


Will not occur in food or feed chain crops in concentrations above background levels.


D-7f(1)(a)
Demonstration Basis: 9 VAC 20-60-264 and 1010.K.6.d; 40 CFR 264.276(a)(3)(i)


Show that the demonstration results will be representative of the unit to be permitted, considering:


-  Soil characteristics


-  Waste characteristics


-  Application rates


-  Crop characteristics


-  Climate effects


D-7f(1)(b)
Test Procedures:  9 VAC 20-60-264 and 1010.K.6.d; 40 CFR 264.276(a)(3)(ii)


Describe the procedures used in any tests referenced or conducted. Include sample selection criteria, sample size, analytical methods, and statistical procedures.


D-7f(2)

Cadmium-Bearing Wastes: 9 VAC 20-60-264 and 1010.K.6.e; 40 CFR 264.276(b)


If cadmium is present in the waste to be land treated, provide the information specified in either D-7f(2)(a) or D-7f(2)(b).


D-7f(2)(a)
Crops for Human Consumption: 9 VAC 20-60-264 and 1010.K.6.e; 40 CFR 264.276(b)(1)


If crops are grown for human consumption, provide the following data:


-  Soil pH;


-  Soil pH controls;


-  Cadmium loading rate; and


-  Soil cation exchange capacity.


D-7f(2)(b)
Animal Feed: 9 VAC 20-60-264 and 1010.K.6.e; 40 CFR 264.276(b)(2)


If only animal feed is to be grown, provide the soil pH and soil pH controls.  Provide a copy of an operating plan demonstrating how animal feed will be distributed to preclude ingestion by humans, including control of alternative land use.


D-7g

Special Waste Management Plan for Land Treatment Units Containing Wastes F020, F021, F022, F023, F026, and F027: 9 VAC 20-60-264 and 1010.K.6.i.; 40 CFR 264.283


Provide a plan describing how land treatment units containing wastes F020, F021, F023, F026, and F027 are or will be designed, constructed, operated, and maintained in order to protect human health and the environment.  The plan must address the following factors.


D-7g(1)

Wastes Description:  9 VAC 20-60-264 and 1010.K.6.i.(1); 40 CFR 264.283(a)(1)


Identify the volume, physical, and chemical characteristics of the wastes including their potential to migrate through the soil or volatilize or escape into the atmosphere.


D-7g(2)

Soil Description:   9 VAC 20-60-264 and 1010.K.6.i.(2); 40 CFR 264.283(a)(2)


Describe the attenuative properties of the underlying and surrounding soils and other materials.


D-7g(3)

Mobilizing Properties:   9 VAC 20-60-264 and 1010.K.6.i.(3); 40 CFR 264.283(a)(3)


Describe the mobilizing properties of other materials co-disposed with these wastes.


D-7g(4)

Additional Management Techniques:   9 VAC 20-60-264 and 1010.K.6.i.(4); 40 CFR 264.283(a)(4)


Document the effectiveness of additional treatment, design, operating, or monitoring techniques in reducing the migratory potential of these wastes to groundwater, surface water, or air.


D-7h

Incompatible Wastes:   9 VAC 20-60-264 and 1010.K.6.h; 40 CFR 264.282


Indicate that incompatible wastes will not be placed in or on the same treatment zone unless 40 CFR 264.17(b) is complied with.


D-8

Miscellaneous Units: 9 VAC 20-60-264 and 1010.K.8; 40 CFR 264.601


Identify all miscellaneous units that treat, store, or dispose of hazardous waste at the facility, but do not fit the current definition of container, tank, surface impoundment, waste pile, land treatment units, landfill, incinerator, boiler, or industrial furnace.  A miscellaneous unit may include (but is not limited to) any of the following:



Geologic repositories other than injection wells (such as underground salt formations, mines, or caves, either for the purpose of disposal or long term storage);



Deactivated missile silos, other than tanks;



Thermal treatment units other than incinerators, boilers, or industrial furnaces (such as combustion and noncombustion units such as molten salt pyrolysis, calcination, wet-air oxidation, and microwave destruction);



Units open burning and open detonating (OB/OD) explosive wastes;



Certain physical/chemical/biological treatment units; and



Mobile units using technologies that are covered under other applicable sections, such as incineration or treatment in containers, are excluded from this section.  However, those units listed above that are mobile, are covered.


Examples of units not defined as miscellaneous units include:



Treatment, storage, disposal in units currently regulated under 40 CFR Part 264;



Open burning of nonexplosive hazardous waste;



Units excluded from permitting under Parts 264 and 270 (such as POTWs and ocean disposal activities); and



RD&D units covered under 270.65.


D-8a

Description of Miscellaneous Units: 9 VAC 20-60-1010.K.8.a.


Provide a description of the unit.  Include the physical characteristics, materials of construction and dimensions of the unit.  Provide detailed plans and engineering reports that describe how the unit will be located, designed, constructed, operated, maintained, monitored, and inspected.  Include also a detailed process description.  Provide information on specific design and operating standards that mitigate site-specific risks such as potential releases or potential reactions among wastes or between wastes and containment structures.


D-8b

Waste Characterization: 9 VAC 20-60-264; 40 CFR 264.601(a)(1), 264.601(b)(1) and 264.601(c)(1)


Provide information on the volume of the waste in order to determine release potential.  Provide the physical and chemical characteristics of the waste in order to determine (1) the toxicity of the waste; (2) the ability of the waste to be contained, immobilized, degraded, or attenuated or to migrate in various soils and materials; (3) the probability of reactions taking place among wastes or between wastes and liners or other containment structures; and (4) the potential of the waste to react or evaporate to form gaseous, aerosol, or particulate products that enter the atmosphere.


D-8c

Treatment Effectiveness: 9 VAC 20-60-1010.K.8.d.


For each unit, a report must be submitted demonstrating the effectiveness of the treatment based on laboratory, bench scale, pilot scale, or field tests.


D-8d

Environmental Performance Standards for Miscellaneous Units:  


Environmental performance standards must be established and maintained to protect human health and the environment.  For each media of concern (groundwater and subsurface environment; surface water, wetlands, and soil surface; air), performance standards must be based on the following information and assessments:



Assessment of the potential pathways of exposure of humans and environmental receptors to hazardous waste or hazardous waste constituents and the potential magnitude and nature of such exposures;



Evaluation of how the migration of waste constituents in the media is prevented; and



Information on the type of waste managed, types of technologies, types and quantities of emissions or releases, and extent of migration or dispersion of the waste in various media.


For guidance on conducting an exposure assessment, refer to the September 24, 1986 Federal Register notice Guidelines for Exposure Assessments and the RCRA Facility Investigation (RFI) Guidance, Volume I, Section 8, Health and Environment Assessment.


D-8d(1)

Protection of Groundwater and Subsurface Environment: 9 VAC 20-60-1010.K.8.b. and c.; 40 CFR 264.601(a)


D-8d(1)(a)
Environmental Assessment: 9 VAC 20-60-1010.K.8.b. and c.; 40 CFR 264.601(a)


The applicant must conduct an assessment of the potential for release to groundwater or the subsurface environment.  Both the saturated and unsaturated zones must be considered in evaluating the potential for subsurface migration.  This assessment must consider the following factors:



Waste characteristics and volume, including potential for migration through soils, liners, and other containing structures (264.601(a)(1));



Hydrologic and geologic characteristics of the unit and surrounding area (264.601(a)(2));



Existing groundwater quality, including other sources of contamination and their cumulative impact on the groundwater (264.601(a)(3));



Quantity and direction of groundwater flow (264.601(a)(4));



Proximity to and withdrawal rates of current and potential groundwater users (264.601(a)(5));



Regional land use patterns (264.601(a)(6));



Potential for deposition or migration of waste constituents in subsurface physical structures and the root zone of vegetation (264.601(a)(7));



Potential for human health risks caused by exposure to waste constituents (264.601(a)(8));



Potential for damage to domestic animals, wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents (264.601(a)(9)); and



Potential magnitude and nature of exposure of humans or environmental receptors to hazardous waste or hazardous constituents (1010.K.8.c).


D-8d(1)(b)
Performance Standards: 9 VAC 20-60-264 and 1010.K.8.b.; 40 CFR 264.601


Based on the assessments, performance standards must be developed and maintained.  These must include: (1) design and operating requirements; (2) detection and monitoring requirements of 264.602; and (3) requirements for responses to releases of hazardous waste or hazardous constituents from the unit.  Performance standards may include standards from Parts 264 and 270.


D-8d(2)

Protection of Surface Water, Wetlands, and Soil Surface:  9 VAC 20-60-264 and 1010.K.8.b. and c.; 40 CFR 264.601(c)


D-8d(2)(a)
Environmental Assessment: 9 VAC 20-60-264 and 1010.K.8.b. and c.; 40 CFR 264.601(c)


The applicant must conduct an assessment of the potential for release to surface water, wetlands, or soil surface.  This assessment must consider the following factors:



Waste characteristics and volume(264.601(b)(1));



Effectiveness and reliability of containing, confining, and collecting systems and structures in preventing migration (264.601(b)(2));



Hydrologic and geologic characteristics of the unit and surrounding area (264.601(b)(3));



Topography of the surrounding area and hydrologic unit characteristics (264.601(b)(3));



Regional precipitation patterns (264.601(b)(4));



Quantity, quality and direction of groundwater flow (264.601(b)(5));



Proximity of the unit to surface waters (264.601(b)(6));



Current and potential uses of nearby surface waters (264.601(b)(7));



Established water quality standards for surface waters (264.601(b)(7));



Existing quality of surface waters and surface soils, including other sources of contamination and their cumulative impact on surface waters and surface soils (264.601(b)(8));



Regional land use patterns (264.601(b)(9));



Potential for human health risks caused by exposure to waste constituents (264.601(b)(10));



Potential for damage to domestic animals, wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents (264.601(b)(11));



Meteorologic assessment (1010.K.8.b.); and



Potential magnitude and nature of exposures of humans or environmental receptors to hazardous constituents (1010.K.8.c).


D-8d(2)(b)
Performance Standards: 9 VAC 20-60-264; 40 CFR 264.601


Based on the assessments, performance standards must be developed and maintained.  These must include: (1) design and operating requirements; (2) detection and monitoring requirements of 264.602; and (3) requirements for responses to releases of hazardous waste or hazardous constituents from the unit.  


Performance standards may include standards from Part 264, Subparts I through O, and Part 270.




D-8d(3)

Protection of the Atmosphere: 9 VAC 20-60-264 and 1010.K.8.b. and c.; 40 CFR264.601(c)


D-8d(3)(a)
Environmental Assessment:  9 VAC 20-60-264 and 1010.K.8.b. and c.; 40 CFR264.601(c)



Waste characteristic and volume, including the potential for emission and dispersal of gases, aerosols, and particulates (264.601(c)(1));



Effectiveness and reliability of systems and structures to reduce or prevent emissions (264.601(c)(2));



Operating characteristics of the unit (264.601(c)(3));



Atmospheric, meteorologic, and topographic characteristics of the unit and the surrounding area (should also include wind rose, frequency of inversions, evaporation rates, annual and 24-hour rainfall data and seasonal temperatures) (264.601(c)(4));



Existing air quality, including other sources of contamination and their cumulative impact on the air (264.601(c)(5));



Potential for human health risks caused by exposure to waste constituents (264.601(c)(6).);



Potential for damage to domestic animals, wildlife, crops, vegetation, and physical structures caused by exposure to waste constituents (264.601(c)(7)); and 



Potential magnitude and nature of exposures of humans or environmental receptors to hazardous waste or hazardous constituents (1010.K.8.c).


A recommended air pathway assessment methodology includes the following steps:



Obtain source characterization information;



Select release constituents;



Calculate emission estimates;



Calculate concentration estimates at unit boundary using standard dispersion models;



Compare concentration results to health-based criteria in RFI Guidance, Volume I, Section 8; and



Conduct monitoring to confirm results.


D-8d(3)(b)
Performance Standards: 9 VAC 20-60-264; 40 CFR 264.601


Based on the assessments, performance standards must be developed and maintained.  These must include: (1) design and operating requirements; (2) detection and monitoring requirements of 264.602; and (3) requirements for responses to releases of hazardous waste or hazardous constituents from the unit.  


Performance standards may include standards from Part 264 Subparts I through O, and Part 270.



D-8e

Monitoring, Analysis, Inspection, Response, Reporting, and Corrective Action: 9 VAC 20-60-264; 40 CFR 264.602


D-8e(1)

Elements of a Monitoring Plan: 9 VAC 20-60-264; 40 CFR 264.602


A monitoring program must include procedures for sampling, analysis, and evaluation of data, suitable response procedures, and a regular inspection schedule.  The following elements must be included:



Location of monitors;



Constituents to be monitored and frequency of monitoring;



Procedures to maintain integrity of monitoring devices;



Sample collection and preservation;



Analytical methods;



Applicable procedures for evaluation of data; and



Appropriate response procedures.


D-8e(2)

Air Monitoring Alternatives: 9 VAC 20-60-264; 40 CFR 264.602


For situations in which ambient air monitoring would be unsafe or impractical, possible alternatives may include analysis of waste, emissions measurements, and periodic monitoring with portable detectors.  Describe in detail any alternatives proposed to meet the air monitoring requirements.


D-9

Boilers and Industrial Furnaces (BIFs)

D-9a

Waivers/Exemptions: 9 VAC 20-60-266 and 1010.K.11.a.(2)(a); 40 CFR 266.104(a), 266.110


If applying for a waiver or exemption, provide information demonstrating compliance with the requirements outlined below:


D-9a (1)
Waiver of DRE Trial Burn for Boilers: 9 VAC 20-60-266 and 1010.K.11.a.(2)(a); 40 CFR 266.104(a), 266.110


A boiler that is not burning hazardous waste containing F020, F021, F022, F023, F026, and F027 and submits documentation that it operates under the following conditions is considered in compliance with the 1360.E.1. DRE standard, and a DRE trial burn is waived:



A minimum of 50% fuel fired to the boiler is fossil fuel, fuels derived from fossil fuels, tall oil, or other non-hazardous fuel with fossil fuel characteristics (with the Directors approval), with the firing rate determined on a total heat or mass input basis, whichever results in the greater mass feed rate of primary fuel fired.



Boiler load is not less than 40%.



Primary and hazardous waste fuels have a minimum as-fired heating value of 8,000 Btu/lb.



The device operates in conformance with the carbon monoxide standard of 266.104(b)(1)



The boiler is a nonstoker watertube boiler.



The hazardous waste is fired directly into the primary fuel flame zone under the conditions specified in 266.11(f)


D-9a(2)

Low Risk Waste Exemption: 9 VAC 20-60-266 and 1010.K.11.a.(2)(b); 40 CFR 266.104(a)(5), 266.109(a)


The DRE standard for a BIF may be waived provided the following information is documented and submitted:



A minimum of 50% fuel fired to the boiler is fossil fuel, fuels derived from fossil fuels, tall oil, or other non-hazardous fuel with fossil fuel characteristics (with the Directors approval), with the firing rate determined on a total heat or mass input basis, whichever results in the greater mass feed rate of primary fuel fired.



Primary and hazardous waste fuels have a minimum as-fired heating value of 8,000 Btu/lb.



The hazardous waste is fired directly into the fuel flame zone.



The device operates in conformance with the carbon monoxide standard of 266.104(b)(1)



Hazardous waste being burned will not pose unacceptable, adverse public health effects, as demonstrated in accordance with 1360.J.1.b.


-
For each waste to be burned, identify and quantify concentrations of Part 264 Appendix VIII non-metal constituents, except for those that would not reasonably be expected to be in the waste, explaining the basis for excluding any such non-metals.


-
Hazardous waste firing rate of each constituent identified above.


-
Calculations of reasonable worst-case emission rates of each constituent identified above, based on 99.9% DRE.


-
Results of emissions dispersion modeling for each Part 264 Appendix VIII constituent identified above for all stacks (if multiple stacks).


-
Documentation that the maximum annual average ground level concentration of each constituent identified above does not exceed the allowable level established in Appendices IV or V of Part 266 (carcinogens must be summed).


D-9a(3)

Waiver of Particulate Matter Standard: 9 VAC 20-60-266 and 1010.K.11.a.(4); 40 CFR 266.109(b) 


The particulate matter standard of 266.105 and trial burn for particulate matter may be waived if:



The BIF complies with Tier I or Adjusted Tier I metals feed rate screening limits under 266.106(b) or (e). and submits documentation showing conformance with the trial burn waiver under checklist section D-9a(4) below.



The BIF meets the requirements of the low risk waste exemption under checklist section D-9a(2) above.


D-9a(4)

Waiver of Trial Burn for Metals: 9 VAC 20-60-266 and 1010.K.11.a.(5); 40 CFR 266.106(b) and (e) 


A trial burn is not required to demonstrate conformance with the metals standards if the BIF is operated under Tier I or Adjusted Tier I metals feed rate screening limits and the following documentation is submitted:



Feed rate of hazardous waste, other fuels, and industrial furnace feed stocks.



Concentrations of each of the 10 toxic metals in the hazardous waste, other fuels, and industrial furnace feed stocks.



Calculation of the total feed rate of each metal.



Documentation showing how the applicant will ensure the Tier I or Adjusted Tier I feed rate screening limits will not be exceeded during the averaging period under 266.106(b) or (e).  (See also checklist Sections C-1h and C-2g.)



Determination of the following:


-
Terrain adjusted effective stack height.


-
Good engineering practice stack height.


-
Terrain type.


-
Land use.



Compliance with 266.106(b)(6) for facilities with multiple stacks.



Documentation that the facility does not fail the criteria provided by 266.106(b)(7) for eligibility to comply with the screening limits.



Proposed sampling and metals analysis plan for the hazardous waste, other fuels, and industrial furnace feed stocks.


D-9a(5)

Waiver of Trial Burn for Hcl/Cl2: 9 VAC 20-60-266 and 1010.K.11.a.(5); 40 CFR 266.106(b) and (e) 


A BIF is not required to conduct a trial burn to demonstrate conformance with the HCl/Cl2 standards if the BIF is operated under Tier I or adjusted Tier I feed rate screening limits for HCl/Cl2 and the following documentation is submitted:



Feed rate of hazardous waste, other fuels, and industrial furnace feed stocks.



Levels of total chloride/chlorine in the feeds and the calculation of the total feed rate of total chloride/chlorine.



Documentation showing how the applicant will ensure the Tier I or adjusted Tier I feed rate screening limits will not be exceeded during the averaging period under 266.107(b)(1) or (3)  (See also checklist Sections C-1h and C-2g.)



Determination of the following:


-
Terrain adjusted effective stack height.


-
Good engineering practice stack height.


-
Terrain type.


-
Land use.



Compliance with 266.107(b)(4) for facilities with multiple stacks.



Documentation that the facility does not fail the criteria provided by 266.107(b)(3) for eligibility to comply with the screening limits.



Proposed sampling and analysis plan for total chloride and chlorine for the hazardous waste, other fuels, and industrial furnace feed stocks.


D-9b

Pretrial Burn Requirements for New BIFs:  9 VAC 20-60-266 and 1050.E.5.; 40 CFR 266.102(d)(4)(i) and 266.102(e) 1050.E.5.


Time required to bring the new boiler or industrial furnace to a point of operational readiness for the trial burn must be the minimum necessary and cannot exceed 720 hours, or up to 1,440 hours if the applicant shows good cause for requiring an extension.  The permit application must include:



A proposed start-up schedule for the BIF.



A description of the system that will be used to monitor operating hours during the pretrial burn period.


A statement must be submitted that stipulates the conditions necessary to operate in compliance with 266.104 through 266.107 standards and, at a minimum, includes applicable operating restrictions in 266.102(e) [Note: If the applicant is seeking a waiver from a trial burn to demonstrate conformance with a particular emission standard, the operating requirements during this initial period of operating shall include those specified by the applicable provision of 266.104 through 266.107  See checklist Section D-9a.]


D-9b(1)

Pretrial Burn Requirements for New BIFs - Organic Emission Standards: 9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.102(d)(4)(i) and 266.102(e)


For conformance with organic emission standards in 266.104, the description of the operating conditions must specify the following restrictions:



Composition of the hazardous waste, including acceptable physical/chemical variations.



Feed rate of hazardous waste and other fuels measured per 266.102(e)(6)



Minimum device production rate when producing normal product measured per 266.102(e)(6)



Maximum device production rate when producing normal product measured per 266.102(e)(6)



Appropriate controls of the hazardous waste firing systems.



Allowable variation in boiler or industrial furnace system design or operating  procedures.  (Permit writer to specify in permit).



Minimum combustion gas temperature measured at a location indicative of combustion chamber temperature per 1360.C.5.f.



Appropriate indicator of combustion gas velocity measured per 266.102(e)(6).



Such other operating requirements as are necessary to ensure that the DRE performance standard of 266.104(a) is met.



Appropriate CO/HC limit(s) as follows:


-
CO less than or equal to 100 ppm when complying with 266.104(b)(1).


-
CO limit based on test burn and HC less than or equal to 20 ppm when complying with 266.104(c).


-
CO and HC limits from baseline test for furnaces with organic matter in raw material when complying with 266.104(f).


-
For furnaces feeding ingredients at locations other than the hot end, the 20 ppm HC limit or baseline HC limit as described above applies irrespective of whether the CO limit is less than or equal to 100 ppm.



Hazardous waste will not be fed to the device during startup/shutdown unless it is fed as an ingredient under Tier I/Adjusted Tier I standards or as a low-risk waste.



For boilers and industrial furnaces equipped with dry PM control devices that operate within the 450 - 750 F temperature range and industrial furnaces operating under the alternative HC limit, the description of operating conditions must include an evaluation of the site specific risks from emissions of dioxins and furans and demonstrate that the increased cancer risk to the hypothetical maximum exposed individual would not exceed 1 in 100,000.


D-9b(2)

Pretrial Burn Requirements for New BIFs - PM Emission Standards: 9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.105


For conformance with the PM emission standard in 266.105, the description of the operating conditions must specify the following restrictions:



Total ash feed rate from hazardous waste, other fuels, and industrial furnace feedstocks [except for cement kilns and lightweight aggregate kilns] measured per 266.102(e)(6).



Maximum device production rate when producing normal product measured per 266.102(e)(6).



Appropriate controls of the hazardous waste firing system and air pollution control system.



Allowable variation in boiler or industrial furnace system design or operating  procedures.  (Permit writer to specify in permit).



Such other operating requirements as are necessary to ensure that the particulate standard in 266.105 is met.


D-9b(3)

Pretrial Burn Requirements for New BIFs - Metals Emission Standards: 9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.102(e)(4)(i) and (ii), 266.106


For conformance with the metals emission standards in 266.106, the operating requirements must specify the applicable restrictions listed below.  The facility must also demonstrate that the planned feed rate or emission limits are within maximum allowable emission/feed rates.  This demonstration must include a complete description of the determination of the maximum allowable emission/feed rate for each metal.



Tier I or adjusted Tier I:


-
Total feed rate of each metal in hazardous waste, other fuels, and industrial furnace feedstocks measured per 266.102(e)(6)


-
Total feed rate of hazardous waste measured per 266.102(e)(6)


-
Metals sampling and analysis program for hazardous waste, other fuels, and industrial furnace feedstocks.



Tier II or Tier III


-
Maximum emission rate for each metal.


-
Feed rate of total hazardous waste and pumpable hazardous waste measured per 266.102(e)(6)


-
Feed rate of each metal in each of the following feed streams measured per 266.102(e)(6)


--
Total feed streams.


--
Total hazardous waste feed.


--
Total pumpable hazardous waste feed.


-
Total feed rate of chlorine and chloride in total feed streams measured per 266.102(e)(6)


-
Maximum combustion gas temperature measured per 266.102(e)(6)


-
Maximum flue gas temperature at the inlet to the PM air pollution control system measured per 266.102(e)(6)


-
Maximum device production rate when producing normal product measured 266.102(e)(6)


-
Appropriate controls on operation and maintenance of the hazardous waste firing system and air pollution control system (APCS).


-
Allowable variation in  boiler or industrial furnace system design or operating  procedures.  (Permit writer to specify in permit).


-
Such other operating requirements as are necessary to ensure that the metals standards under 266.106(c) or (d) are met:


--
Wet scrubbers/wet ionizing scrubbers:



Minimum liquid to flue gas ratio.



Minimum scrubber blowdown or maximum suspended solids content of scrubber water.



Minimum pH of scrubber water.


--
Venturi scrubbers: 



Maximum differential gas pressure across the venturi.


--
Dry scrubbers:



Minimum alkali feed rate.



Maximum flue gas flow rate.


--
Wet ionizing scrubbers/electrostatic precipitators:



Minimum electrical power (kVA).



Maximum flue gas flow rate.


--
Baghouses:



Minimum pressure drop


D-9b(4)

Pretrial Burn Requirements for New BIFs - Alternative Metals Approach: 9 VAC 20-60-266; 40 CFR 266.102(e)(4)(iii) and 266.106(f)


For conformance with the alternative metals approach, the description of operating conditions must:



Describe the approach that will be used to comply.



Specify how the approach ensures compliance with the metals emissions standards of 266.106(c) or (d)



Specify how the approach can be effectively implemented and monitored.



Provide other such information as necessary to ensure that the standards of 266.106(c) or (d) are met.


D-9b(5)

Pretrial Burn Requirements for New BIFs - Hydrogen Chloride/Chlorine Emission Standards:  9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.102(e)(5)(i) and 266.107 


For conformance with the hydrogen chloride/chlorine emissions standards in 266.107, the description of the operating conditions must specify the following applicable restrictions:



Tier I or adjusted Tier I:


-
Feed rate of total chlorine/chloride in hazardous waste, other fuels, and industrial furnace feedstocks measured per 266.102(e)(6)


-
Feed rate of total hazardous waste measured per 266.102(e)(6)


-
Sampling and analysis program for total chlorine/chloride for hazardous waste, other fuels, and industrial furnace feedstocks.



Tier II or Tier III


-
Maximum emission rates of chlorine and chloride.


-
Feed rate of total hazardous waste measured per 266.102(e)(6)


-
Total feed rate of chlorine and chloride in total feed streams measured per 266.102(e)(6)


-
Maximum device production rate when producing normal product measured per 266.102(e)(6)


-
Appropriate controls on operation and maintenance of the hazardous waste firing system and air pollution control system (APCS).


-
Allowable variation in boiler or industrial furnace system design or operating  procedures.  (Permit writer to specify in permit).


-
Such other operating requirements as are necessary to ensure that the HCl and Cl2 standards under 266.107(b)(2) are met.


D-9b(6)

Pretrial Burn Requirements for New BIFs - Fugitive Emissions: 9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.102(e)(7)(i)


The description of operating conditions must thoroughly describe the method by which fugitive emissions will be controlled.  Fugitive emissions must be controlled by:



Totally sealing the combustion zone,



Maintaining negative pressure in the combustion zone, or



An alternative method demonstrated to provide control equivalent to maintenance of combustion zone pressure lower than atmospheric pressure.


D-9b(7)

Pretrial Burn Requirements for New BIFs - Automatic Waste Feed Cutoff:  9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.102(e)(7)(ii) and (iii)


The description of operating conditions must specify that the automatic waste feed cutoff will operate as follows:



Hazardous waste feed will be automatically cutoff when operating parameters deviate from those specified above for the pretrial burn period.  At a minimum, the automatic waste feed cutoff will be tied to all parameters listed under monitoring requirements in checklist Section D-9i.



Minimum combustion chamber temperature will be maintained while hazardous waste or its residues remain in the combustion chamber.  A description of procedures and controls used to maintain the minimum combustion chamber temperature must be included.



Exhaust gases will be ducted to the APCS while hazardous waste or its residues remain in the combustion chamber.  A description should be provided with the engineering description.  See checklist Section D-9c.



Operating parameters will be monitored during the cutoff and hazardous waste feed will not be restarted until the parameters are within allowable limits.  For parameters that may be measured on an instantaneous basis, the description of operating conditions should propose a period of time after waste feed cutoff during which a parameter must not exceed the permit limit before hazardous waste feed may be restarted.  The proposed period of time will be subject to the Directors approval.



The description of operating conditions must specify that the BIF will stop burning hazardous waste when changes in combustion properties or feed rates of hazardous waste, other fuels, or industrial furnace feedstocks, or changes in BIF design or operating conditions deviate from those specified above for the pretrial burn period.


D-9b(8)

Pretrial Burn Requirements for New BIFs - Monitoring Requirements: 9 VAC 20-60-266 and 1050.E.2.a.(1); 40 CFR 266.102(e)(8) and (10)


The descriptions of operating conditions must specify that the following will be monitored and recorded when burning hazardous waste:



All parameters listed under monitoring requirements in checklist Section D-9i.



Sampling and analysis of hazardous waste (and other fuels and feedstocks), residues, and exhaust emissions will be conducted as necessary to verify that the operating requirements achieve the applicable standards of 266.104 through 266.107.



The BIF will be subject to thorough visual inspections when it contains hazardous waste (at least daily) for signs of leaks, spills, fugitive emissions and tampering.



Automatic waste feed cutoff system will be tested at least once every 7 days when hazardous waste is burned unless the applicant demonstrates that weekly inspections unduly upset operations.  At a minimum, testing must be conducted once every 30 days.  A description of automatic waste feed cutoff system testing procedures should be included.



The description of operating conditions must specify that operating records will be maintained until closure of the facility.


D-9c

Trial Burn Requirements for All BIFs:  9 VAC 20-60-266 and 1050.E.2.b, 3, and 5; 40 CFR 266.102(d)(4)(ii)


For the duration of the trial burn, the operating conditions must be sufficient to demonstrate compliance with the performance standards of 266.104 through 266.107.


The trial burn plan must include the following information:



An analysis of each feed stream, including hazardous waste, other fuels, and industrial furnace feedstocks, as fired, which includes:


-
Heating value.


-
Levels of antimony, arsenic, barium, beryllium, cadmium, chromium, lead, silver, mercury, thallium, total chlorine/chloride, and ash.


-
Viscosity or description of the feed streams physical form.



An analysis of each hazardous waste, as fired:


-
Identification of Part 264 and Appendix VIII constituents that could reasonably be expected in the feed. [Note: The applicant need not analyze for Appendix VIII constituents that would reasonably not be expected to be found in the waste.  The constituents excluded from analysis must be identified, and the basis for exclusion stated.]


-
Approximate quantitation of the hazardous constituent identified.


-
If blending is to occur prior to firing:


--
Detailed analysis of the hazardous waste prior to blending and of the material with which it is blended.


--
Blending ratios.


--
Description of blending procedures.



Detailed engineering description of the boiler and industrial furnace, including:


-
Manufacturers name and model number.


-
Type of boiler or industrial furnace.


-
Maximum design capacity in appropriate units.


-
Description of the feed system for the hazardous waste and other fuels, and industrial furnace feed stocks.


-
Capacity of hazardous waste feed system.


-
Description of the automatic waste feed cutoff system(s).


-
Description of any air pollution control system.


-
Description of stack gas monitoring and pollution control monitoring systems.



A detailed description of sampling and monitoring procedures including:


-
Sampling and monitoring equipment.


 


-
Sampling and monitoring frequency.


 


-
Sampling and analytical procedures.


 


-
Sampling and monitoring locations.


 


-
Quality assurance/quality control program.



Test schedule for each hazardous waste:


-
Dates when trial burn is planned.


-
The duration of each trial burn.


-
The quantity of waste to be burned during each trial burn.


-
Other relevant factors.



Test protocols for each hazardous waste, including the following for each waste to be burned:


-
Ranges of hazardous waste feed rate.


-
Feed rates of other fuels and industrial furnace feedstocks.



Other parameters that may affect the ability of the BIF to meet:


-
Organic emission standards.


-
Metals emissions standards.


-
PM emissions standards.


-
HCl/Cl2 emissions standards.



A description of planned operating conditions for any APCS equipment that will be used.



Procedures for stopping the hazardous waste feed and controlling emissions in the event of equipment malfunctions.



When a DRE trial burn is required under 266.104(a), the description of operating conditions should propose principal organic hazardous constituents (POHCs) for which DRE will be calculated during the trial burn.  The basis for selecting POHCs should be described.  The proposed POHCs will be subject to the Directors approval.



Other information as the Director finds necessary.
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Trial Burn Results: 9 VAC 20-60-1050.E.4., 1050.E.6., and 1010.K.11.a.(6)


The following must be submitted within 90 days of the completion of the trial burn.  The submittal must be certified on behalf of the applicant by signature of a person authorized to sign a permit application under Section 1030.



A statement that the trial burn has been conducted in accordance with the approved trial burn plan.



All data collected during any trial burn must be submitted following completion of the trial burn.



A quantitative analysis of the levels of antimony, arsenic, barium, beryllium, cadmium, chromium, lead, silver, mercury, thallium, and chlorine/chloride in the feed stream (hazardous waste, other fuels, and industrial furnace feedstocks).



If a DRE trial burn is required under 266.104(a):


-
A quantitative analysis of the trial POHCs in the hazardous waste feed.


-
A quantitative analysis of the stack gas for the concentration and mass emission rate of trial POHCs.


-
A computation of the destruction and removal efficiency (DRE) in accordance with the DRE formula specified in 1360.E.1.



If a trial burn for chlorinated dioxins and furans was required under 266.104(e):


-
A quantitative analysis of the stack gas for the concentration and mass emission rate of the 2,3,7,8-chlorinated tetra-octa congeners of chlorinated dibenzo-p-dioxins and furans.


-
A computation showing conformance with the emission standard.



If a trial burn for particulate matter, metals or HCl/Cl2 was required under 266.105, 266.106(c) or (d), or 266.107(b)(2) or (c):


-
A quantitative analysis of the stack gas for the concentrations and mass emissions of particulate matter, metals, or hydrogen chloride (HCl) and chlorine (Cl2).


-
A computation showing conformance with the applicable emission performance standards.



If a trial burn for DRE, metals, HCl/Cl2 was required under 266.104(a), 266.106(c) or (d), or 266.107(b)(2) or (c)  a quantitative analysis of scrubber water (if any), ash residues, other residues, and products for the purpose of estimating the fate of the trial POHCs, metals, and chlorine/chloride.



An identification of sources of fugitive emissions and their means of control.



Records of continuous measurement of carbon monoxide (CO), oxygen, and where required, hydrocarbons (HC) in the stack gas.



Such other information as necessary to ensure that the trial burn will determine compliance with the performance standards of 266.104 through 266.107.
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Post-Trial Burn Requirements for New BIFs: 9 VAC 20-60-60 and 1050.E.2.c.(2); 40 CFR 266.102(d)(4)(iii) and 266.102(e)


Post-trial burn requirements for new BIFs are the same as the pretrial requirements for new BIFs listed in checklist Section D-9b, with the following exceptions:



The total length of time during which a facility may burn hazardous waste is not limited after the trial burn.  Therefore, no documentation of total burning hours is required.



For the pretrial burn period, a BIF must submit a statement that suggests the conditions necessary to operate in compliance with the standards of 266.104 through 266.107.  For the post-trial burn period, a BIF must submit a statement that, based on the results of the trial burn, identifies the conditions necessary to operate in compliance with the standards of 266.104 through 266.107.



For the post trial burn period, a BIF must submit a statement specifying that the BIF will stop burning hazardous waste when changes in combustion properties or feed rates of hazardous waste, other fuels, or industrial furnace feed stocks, or changes in BIF design or operating conditions deviate from those specified above for the post-trial burn period.


D-9f

Data in Lieu of Trial Burn:9 VAC 20-60-1050.E.3.c and 1010.K.11.a.(6)


A BIF may seek exemption from trial burn requirements by submitting the following information provided by previous compliance testing of the same device, or from compliance testing or trial or operational burns of similar BIFs burning similar hazardous waste under similar conditions:



A description and analysis of the hazardous waste to be burned compared with the hazardous waste for which data from compliance testing, operational burns, or trial burn(s) are provided to support the contention that a trial burn is not needed.



Design and operating conditions of the boiler or industrial furnace to be used compared with that for which data is available and being submitted.



A detailed engineering description of the boiler and industrial furnace to be used compared with that for which data is available and being submitted.  The following information must be described for both BIF units:


-
Manufacturers name and model number of the BIF;


-
Type of boiler or industrial furnace;


-
Maximum design capacity;


-
Description of the feed system for the hazardous waste and other fuels, and industrial furnace feed stocks;


-
Capacity of hazardous waste feed system;


-
Description of the automatic waste feed cutoff system(s);


-
Description of any air pollution control system; and


-
Description of stack gas monitoring and pollution control monitoring systems.



Such other information necessary to support the contention that a trial burn is not needed.



All data and results from the previous testing.  The data and results submitted must include all of the information listed under Trial Burn Results in checklist Section D-9d.


D-9g

Alternative HC Limit for Industrial Furnaces with Organic Matter in Raw Materials: 9 VAC 20-60-266 and 1010.K.11.b.; 40 CFR 266.104(f).


Industrial furnaces requesting the alternative HC limit must submit the following information:



Documentation that the furnace is designed and operated to minimize HC emissions from fuels and raw materials.



Statement of proposed baseline HC and CO levels.



Basis for the proposed baseline flue gas HC and CO concentrations, including data on HC and CO levels during tests when the facility produced normal products under normal operating conditions from normal raw materials while burning normal fuels and when not burning hazardous waste.



Test burn protocol to confirm baseline HC and CO levels, including information on type and flow rate of all feed streams, point of introduction of feed streams, total organic carbon content (or other appropriate measure of organic content) of all nonfuel feed streams and operating conditions that affect combustion of fuel(s) and hydrocarbon emissions from nonfuel sources.



Trial burn plan to:


-
Demonstrate that flue gas HC and CO concentrations when burning hazardous waste do not exceed baseline levels.


-
Identify types and concentrations of organic compounds listed in Part 261 Appendix VIII that are emitted when burning hazardous waste.



Implementation plan to monitor over time changes in operation that could reduce the baseline HC levels.



Procedures to periodically confirm baseline levels.



Such other information as necessary to ensure that the requirements of 266.104(f) are met.


D-9h

Alternative Metals Implementation Approach: 9 VAC 20-60-266 and 1010.K.11.c.; 40 CFR 266.106(f)


For conformance with an alternative metals implementation approach, the information must:



Describe the approach that will be used to comply.



Specify how the approach ensures compliance with the metals emissions standards of 266.106(c) or (d)



Specify how the approach can be effectively implemented and monitored.



Provide other such information as necessary to ensure that the standards of 266.106(c) or (d) are met.


D-9i

Monitoring Requirements: 9 VAC 20-60-266; 40 CFR 266.102(e)(6) and (8)


The following must be monitored on a continuous basis per 266.102(e)(6) while burning hazardous waste.  Feed rates for metals, total chlorine and chloride, and ash are continuously monitored by knowing the concentration of the constituent (through periodic waste analysis) in each feed stream and continuously monitoring the flow rate of each feed stream.  Data must be maintained in the operating record until closure of the facility.



For conformance with the organic emission standards in 266.104:


-
Feed rate of hazardous waste and other fuels.


-
Device production rate.


-
Combustion gas temperature.


-
Appropriate indicator of combustion gas velocity.


-
Carbon monoxide and oxygen.


-
Total hydrocarbons (if complying with 266.104(c), (d), or (f))


or, if the waiver of DRE trial burn for boilers applies:


-
Carbon monoxide and oxygen.


or, if the low risk waste exemption applies:


-
Carbon monoxide and oxygen.



For conformance with the particulate emission standard in 266.105, unless the particulate standard is waived under 266.109(b)


-
Total ash feed rate from hazardous waste, other fuels, and industrial furnace feed stocks [except for cement kilns and lightweight aggregate kilns].


-
Device production rate.



For conformance with the metal emission standards in 266.106:


-
Tier I or adjusted Tier I:


--
Total feed rate of each metal in hazardous waste, other fuels, and industrial furnace feed stocks.


--
Total feed rate of hazardous waste.


-
Tier II or Tier III:


--
Feed rate of total hazardous waste.


--
Feed rate of pumpable hazardous waste.


--
Feed rate of each metal in the following streams:



Total feed streams.



Total hazardous waste feed.



Total pumpable hazardous waste feed streams.


--
Total feed rate of chlorine/chloride in total feed streams.


--
Combustion gas temperature.


--
Flue gas temperature at the inlet of the air pollution control system.


--
Device production rate.


-
Alternative Metals Approach (including the kiln dust monitoring approach in 40 CFR 266, Appendix IX):


--
(Same as Tier II requirements except for feed rate of metals in total feed streams.)



For conformance with HCl/Cl2 emission standards in 266.107:


-
Tier I or adjusted Tier I:


--
Feed rate of chlorine/chloride in hazardous waste, other fuels, and industrial furnace feed stocks.


--
Total feed rate of hazardous waste.


-
Tier II or Tier III:


--
Feed rate of total hazardous waste.


--
Total feed rate chlorine/chloride in total feed streams.


--
Production rate when producing normal product.



For other operating requirements as may be necessary to ensure that the performance standards of 266.104 through 266.107 are met:


-
Wet scrubbers/wet ionizing scrubbers:


--
Liquid to flue gas ratio.


--
Scrubber blowdown or  suspended solids content of scrubber water.


--
pH of scrubber water.


-
Venturi scrubbers: 


--
Minimum differential gas pressure.


-
Dry scrubbers:


--
Caustic feed rate.


--
Flue gas flow rate.


-
Wet ionizing scrubbers/electrostatic precipitators:


--
Electrical power (kVA).


--
Flue gas flow rate.


-
Baghouses:


--
Minimum pressure drop


D-9j

Automatic Waste Feed Cutoff System: 9 VAC 20-60-266 and 1010.K.11.d; 40 CFR 266.102(e)(7)(ii)


All facilities must submit a description of the automatic waste feed cutoff system, including any pre-alarm systems that may be used.  The description may include:



A statement that hazardous waste feed will be automatically cut off when operating conditions deviate from those established under 266.102



A list of parameters tied into the automatic waste feed cutoff system.  At a minimum, the system must be tied to all parameters listed under monitoring requirements in checklist Section D-9i.



A description of procedures and controls used to maintain the minimum combustion chamber temperature while hazardous waste residues remain in the combustion chamber.



A statement that exhaust gases will be ducted to the APCS while hazardous waste or its residues remain in the combustion chamber.



A statement that operating parameters will be monitored during the cutoff and hazardous waste feed may not be restarted until the parameters are within allowable limits.  For parameters that may be measured on an instantaneous basis, the statement should propose a period of time after waste feed cutoff during which a parameter must not exceed the permit limit before hazardous waste feed may be restarted.  The proposed period of time will be subject to the Directors approval.


D-9k

Direct Transfer Standards: 9 VAC 20-60-266 and1010.K.11.e.; 40 CFR 266.111 and Part 264, Subparts I and J.


BIFs that feed hazardous waste from a transport vehicle to a BIF without the use of a storage unit must submit the following:



A description of the direct transfer procedures that will be used.



A statement and description of the procedures to ensure that no direct transfer of a pumpable hazardous waste shall be conducted from an open-top container to a boiler or industrial furnace.



A statement and description of procedures to ensure that direct transfer equipment used for pumpable hazardous waste shall always be closed, except when necessary to remove the waste, and shall not be opened, handled, or stored in a manner that would cause any rupture or leak.



A description of direct transfer operations, including procedures and controls implemented so that transfer operations do not:


-
Generate extreme heat or pressure, fire, explosion, or violent reaction.


-
Produce uncontrolled toxic mists, fumes, dusts, or gases in sufficient quantities to threaten human health.


-
Produce uncontrolled flammable fumes or gases in sufficient quantities to pose a risk of fire or explosion.


-
Damage the structural integrity of the container or direct transfer equipment containing the waste.


-
Adversely affect the capability of the BIF to meet the standards provided in 266.104 through 266.107.


-
Threaten human health and the environment.



A statement and description of procedures to ensure that hazardous waste shall not be placed in direct transfer equipment if it could cause the equipment or its secondary containment system to rupture, leak, corrode, or otherwise fail.



A description of controls and practices that will be used to prevent spills and overflows from the direct transfer equipment or its secondary containment systems including at a minimum:


-
Spill prevention controls (e.g., check valves, dry disconnect couplings).


-
Automatic waste feed cutoff if a leak or spill occurs from the equipment.


D-9k(1)

Direct Transfer Standards - Containment System: 9 VAC 20-60-264; 40 CFR 264.175


In areas where direct transfer vehicles are located, a description of the containment system, demonstrating that the containment system is designed and operated as follows (containment system requirements also apply to areas that store containers with F020, F021, F022, F023, F026, or F027 even though the containers may not contain free liquids):



A base underlies the containers that is free of cracks or gaps and is sufficiently impervious to contain leaks, spills, and precipitation until the collected material is detected and removed.



The base is sloped or the containment system is otherwise designed and operated to drain and remove liquids resulting from leaks, spills, or precipitation, unless the containers are elevated or are otherwise protected from contact with accumulated liquids.



The containment system must have sufficient capacity to contain 10% of the volume of the containers or the volume of the largest container, whichever is greater.  Containers that do not contain free liquids do not need to be considered in this determination. 



Run-on into the containment system is prevented, unless the  collection system has sufficient excess capacity to contain any run-on that might enter the system. 



Spilled or leaked waste and accumulated precipitation is removed from the sump or collection area in a timely manner to prevent overflow of the containment system.



Except for areas holding containers storing F020, F021, F022, F023, F026, and F027, storage areas that store containers holding only wastes that do not contain free liquids need not have a containment system defined above provided that:


-
The storage area is sloped or otherwise designed and operated to drain and remove liquid resulting from precipitation.


-
The containers are elevated or are otherwise protected from contact with accumulated liquid.


D-9k(2)

Direct Transfer Standards - Condition of Containers: 9 VAC 20-60-264; 40 CFR 264.171


Provide a statement and description of procedures to ensure that if a container holding hazardous waste is not in good condition, or if it begins to leak, the owner or operator will transfer the waste from this container to a container that is in good condition, or manage the waste in some other way that complies with the requirements of this part.


D-9k(3)

Direct Transfer Standards - Compatibility of Waste with Container: 9 VAC 20-60-264; 40 CFR 264.172


Provide a statement that the owner or operator will use a container made of or lined with materials that will not react with, and are otherwise compatible with, the hazardous waste to be stored, so that the ability of the container to contain the waste is not impaired.


D-9k(4)

Direct Transfer Standards - Management of Containers: 9 VAC 20-60-264; 40 CFR 264.173


Provide a statement that:



A container holding hazardous waste will always be closed during storage, except when it is necessary to add or remove waste.



A container holding hazardous waste will not be opened, handled, or stored in a manner that may rupture the container or cause it to leak.


D-9k(5)

Direct Transfer Standards - Special Requirements for Ignitable or Reactive Waste:  9 VAC 20-60-264; 40 CFR 264.176


Provide documentation of the location of all containers holding ignitable/reactive waste.  Containers holding ignitable/reactive waste must be located at least 50 feet from the facility property line or comply with requirements for the maintenance of distances between waste management areas and any public ways, streets, alleys, or adjacent property line that can be built upon as required in Tables 2-1 through 2-6 of the National Fire Protection Associations Flammable and Combustible Liquids Code, (1977 or 1981).


D-9k(6)

Direct Transfer Standards - Special Requirements for Incompatible Wastes: 9 VAC 20-60-264; 40 CFR 264.177


Provide a statement and description of the procedures to ensure that:



Incompatible wastes, or incompatible wastes and materials will not be placed in the same container.



Hazardous wastes will not be placed in an unwashed container that previously held an incompatible waste or material.



A storage container holding a hazardous waste that is incompatible with any waste or other material stored nearby in other containers, piles, open tanks, or surface impoundments will be separated from the other materials or protected from them by means of a dike, berm, wall, or other device.


D-9k(7)

Direct Transfer Standards - Closure: 9 VAC 20-60-264; 40 CFR 264.178


Describe how all hazardous waste and hazardous waste residues will be removed from the containment system at closure.  Remaining containers, liners, bases, and soils containing or contaminated with hazardous waste residues must be decontaminated or removed.


D-9k(8)

Direct Transfer Standards - Secondary Containment Requirements: 9 VAC 20-60-266; 40 CFR 266.111(e)


Owners/operators must submit documentation demonstrating conformance with secondary containment requirements of 265.193(b), (c), and (f)-(h).



For new direct transfer equipment, prior to being put into service; and



For existing direct transfer equipment, by August 21, 1993.


Prior to meeting secondary containment requirements, existing direct transfer without such containment must be assessed to determine its fitness for use.  The owner shall keep on file a written assessment reviewed and certified by a Virginia registered professional engineer that attests to the equipments integrity by August 21, 1992.  At a minimum, this assessment should consider:



Design standards;



Waste characteristics;



Existing corrosion protection measures;



Documented age; and



Results of leak test or other integrity determination.


If leaking or unfit, the requirements of 264.196(a) and (b) must be followed.


Inspections must be made at least once each hour when hazardous waste is being transferred and records made in accordance with 266.111(e)(3)


Provide documentation that design and installation of new ancillary equipment meets 264.192


Provide documentation that responses to leaks or spills comply with 264.196.
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Bevill Residues: 9 VAC 20-60-266 and 1010.K.11.f.; 40 CFR 266.112, Part 266 Appendices Vii and IX


Owners/operators claiming residues are excluded from regulation must submit the following applicable information to demonstrate conformance with 266.112:



Boilers: Boilers must burn at least 50% coal on a heat input basis, whichever results in the greater mass burn of coal.



Ore or Mineral Furnaces: Industrial furnaces subject to 261.4(b)(7) must process at least 50% by weight normal, nonhazardous raw materials.



Cement Kilns: Cement kilns must process at least 50% by weight normal cement-production raw materials.



Either of the following two criteria must be demonstrated to show that the hazardous waste does not significantly affect the residue:


(1)
Comparison of Waste-Derived Residue with Normal Residue:


-
The waste-derived residue does not contain Part 261 Appendix VIII constituents (toxic constituents) that could reasonably be attributable to the hazardous waste at concentrations significantly higher than in residue generated without burning or processing hazardous waste.  Toxic constituents include Appendix VIII constituents in the waste and those Appendix VIII constituents that may be generated as products of incomplete combustion (PICs).


-
Concentrations of toxic constituents of concern in normal residue shall be determined based on analyses of a minimum of 10 samples representing a minimum of 10 days of normal operation.  Composite samples may be used to develop a sample for analysis provided that the composting period does not exceed 24 hours.  The upper tolerance limit (at 95% confidence with a 95% proportion of the sample distribution) of the concentration in the normal residue shall be considered the statistically-derived concentration of the normal residue.  The baseline must be revised if changes in raw material or fuel occur.  The statistical procedures in Statistical Methodology for Bevill Residue Determinations in Appendix IX of 40 CFR Part 266 shall be used to determine the upper tolerance limit.


-
Waste derived residue shall be sampled and analyzed as often as necessary to determine whether the residue generated during each 24 hour period has concentrations of toxic constituents that are higher than the concentrations established for normal residue.  If so, the residue shall not be excluded from the definition of a hazardous waste.  Concentrations of toxic constituents of concern in the waste-derived residue shall be determined based on analysis of one or more samples obtained over a 24 hour period.


(2)
Comparison of Waste-Derived Residue Concentrations with Health Based Limits:


-
The concentration of each nonmetal toxic constituent of concern in the waste-derived residue does not exceed the health based levels specified in Appendix VII of Part 266 or the level of detection (using analytical procedures in SW-846), whichever is higher.  If a health-based limit for a constituent of concern is not listed in Appendix VII, then a limit of 0.002 micrograms per kilogram or the level of detection, whichever is higher, shall be used.


-
The concentration of each metal in an extract obtained using the Toxicity Characteristic Leaching Procedure does not exceed the level specified in Appendix VII.


-
Waste derived residue shall be sampled and analyzed as often as necessary to determine whether the residue generated during each 24 hour period has concentrations of toxic constituents that are higher than the health based levels.  Concentrations of toxic constituents of concern in the waste-derived residue shall be determined based on analysis of one or more samples obtained over a 24 hour period.



Documentation: Records sufficient to document the following shall be retained until closure of the BIF:


-
Levels of Part 261 Appendix VIII constituents that are present in the waste-derived residues.


-
If the waste-derived residue is compared with normal residue:


--
Levels of Appendix VIII hazardous constituents that are present in normal residue.


--
Data and information obtained to determine if changes in raw materials or fuels would reduce the concentrations of toxic constituents of concern in the normal residue.


Summary of Emissions Standards: [Note: The following section is a summary of applicable emissions standards.  It is provided for the benefit of the permit writer and supplements the checklist sections detailed above.  It is not intended, however, that a checklist be completed covering the following information.]


1.
Carbon Monoxide/Hydrocarbon (CO/HC) Emissions Standards: 9 VAC 20-60-266 and 1010.K.11.b.; 40 CFR 266.104, 266.104(b)(1), and 266.104(f)



CO cannot exceed 100 ppmv (hourly rolling average) over any 60 minute period continuously corrected to 7% oxygen on a dry basis; or


CO may exceed 100 ppmv (and is established based on the trial burn) provided that the hydrocarbon emissions do not exceed 20 ppmv reported as propane (hourly rolling average) corrected to 7% oxygen on a dry basis; or


If approved by the Director on a case-by-case basis, industrial furnaces that cannot meet the 20 ppmv HC standard due to organic matter in the normal raw material (except cement kilns equipped with by-pass ducts described in 266.104(g)) may establish, during the trial burn, an alternative HC limit that ensures that HC emissions when burning hazardous waste are not greater than when not burning hazardous waste, provided the following is demonstrated when applying for the alternative HC standard:


-
The facility is designed and operated to minimize HC emissions from fuels and raw materials;


-
Emissions testing must be conducted to determine the baseline HC and CO levels; emissions from hazardous waste do not exceed these baselines; identify the types and concentrations of Part 261 Appendix VIII constituents to predict maximum annual average ground level concentrations;


-
Test burn protocol to confirm the baseline HC (and CO) level including information on the type and flow rate of all feed streams, point of introduction of all feed streams, total organic carbon content (or other appropriate measure of organic content) of all nonfuel feed streams, and operating conditions that affect combustion of fuel(s) and destruction of hydrocarbon emissions from nonfuel sources;


-
The maximum annual average ground level concentrations cannot exceed those levels established in Appendix 13.4 or 13.5 of Part XIII (or 0.1 micrograms per cubic meter for compounds not listed in these appendices);


-
An approach must be developed to monitor changes over time in operations that could reduce the HC baseline.


2.
Cement Kilns and CO/HC Standards: 9 VAC 20-60-266; 40 CFR 266.104(g)



Cement kilns may comply with the CO/HC standards described above by monitoring in the by-pass duct provided that:


-
Hazardous waste is fired only into the kiln;


-
The by-pass duct directs a minimum of 10% of kiln off-gas into the duct.


3.
Destruction and Removal Efficiency (DRE) for Organics:  9 VAC 20-60-266; 40 CFR 266.104(a)



DRE for all organic hazardous constituents in the waste feed must meet or exceed 99.99%.



DRE for all dioxin-listed waste in the feed must meet or exceed 99.9999%.


4.
Dioxin/Furan Emissions Controls:    9 VAC 20-60-266; 40 CFR 266.104(c)



BIFs that are equipped with a dry particulate matter control device that operates within the temperature range of 450 - 750 F, and industrial furnaces operating under an alternate hydrocarbon limit established under 266.104(f) must conduct a site-specific risk assessment as described in 266.104(e) to demonstrate that emissions of chlorinated dibenzo-p-dioxins and dibenzofurans do not result in an increased lifetime cancer risk to the hypothetical maximum exposed individual exceeding 1 in 100,000.


5.
Particulate Matter (PM) Emission Standard:     9 VAC 20-60-266; 40 CFR 266.105(a)



PM cannot exceed 180 mg/dscf corrected to 7% oxygen (0.08 grains/dscf).


6.
Metals Emissions Standard:   9 VAC 20-60-266; 40 CFR 266.106, Part 266 Appendix I



Owners/operators of BIFs must comply with either the Tier I, Tier II, Tier III, or Adjusted Tier I metals feed rate limits.



The facility must use Tier III metals controls if any of the following criteria are met:


-
The device is located in a narrow valley less than 1 km wide.


-
The device has a stack taller than 20 meters and is located such that the terrain rises to the physical height within 1 km of the facility.


-
The device has a stack taller than 20 meters and is located within 5 km of a shoreline of a large body of water, such as an ocean or large lake.


-
The physical stack height of any stack is less than 2.5 times the height of any building within 5 building heights or 5 projected building widths of the stack, and the distance from the stack to the closest boundary is within 5 building heights or 5 projected building widths of the associated building, or

-
The Director determines that standards based on site-specific dispersion modeling are required.


7.
Hydrogen Chloride/Chlorine Emissions Standards: 9 VAC 20-60-266; 40 CFR 266.107, 266.107(b)(3), Part 266 Appendices II - IV



HCl/Cl2 must meet either Tier I, Tier II, Tier III, or Adjusted Tier I feed rate limits.



The facility must use Tier III HCl/Cl2 controls if any of the following criteria are met:


-
The device is located in a narrow valley less than 1 km wide.


-
The device has a stack taller than 20 meters and is located such that the terrain rises to the physical height within 1 km of the facility.


-
The physical stack height of any stack is less than 2.5 times the height of any building within 5 building heights or 5 projected building widths of the stack, and the distance from the stack to the closest boundary is within 5 building heights or 5 projected building widths of the associated building, or

-
The Director determines that standards based on site-specific dispersion modeling are required.


D-10

Containment Buildings: 9 VAC 20-60-264; 40 CFR 264.1100-1102


D-10a

Containment Building Descriptions:  9 VAC 20-60-264; 40 CFR 264.1100(a), 264.1101(a)


D-10a(1)
Construction: 9 VAC 20-60-264; 40 CFR 264.1100(a), 264.1101(a)


Provide a description of the unit including dimensions and materials of construction. The containment building must be completely enclosed with a floor, walls, and a roof to prevent exposure to the elements, and to assure containment of managed wastes.  The unit must be consturcted of manmade materials of sufficient strength and thickness to support themselves, the waste contents, and any personnel and heavy equipment that operate within the unit. The unit must be constructed to prevent failure due to pressure gradients, settlement, compression, uplift, physical contact with the wastes, climatic conditions, or the stresses of daily operation.


D-10a(2)
Strength Requirements: 9 VAC 20-60-264; 40 CFR 264.1100(a), 264.1101(a)


Provide the results of calculations defining the maximum loads or stresses that will be placed on the containment building system, including:



Both static and dynamic loads;



Stresses due to installation and construction operations;



Stresses due to the maximum quantity of waste;



Stresses due to personnel and heavy equipment that operate within the unit;



Stresses from settlement, compression, or uplift;



Internal and external pressure gradients; and



Climatic conditions (freeze-thaw stress).


D-10a(3)
Design Requirements for Units Not Managing Liquids:  9 VAC 20-60-264; 40 CFR 264.1100(a), 264.1101(a)


D-10a(3)(a)
Primary Barrier:  9 VAC 20-60-264; 40 CFR 264.1100(a), 264.1100(b), 264.1101(a)(4)


Provide a detailed description of the primary barrier, and demonstrate that is sufficiently durable to withstand the movement of personnel, wastes, and handling equipment within the unit. Demonstrate that the primary barrier is appropriate for the physical and chemical characteristics of the waste to be managed.


D-10a(4)
Design Requirements for Units Managing Liquids:   9 VAC 20-60-264; 40 CFR 264.1100(c), 264.1101(a)(4) and 264.1101(b)


Containment buildings used to manage hazardous wastes containing free liquids or treated with free liquids must include the following features:


D-10a(4)(a)
Primary Barrier:    9 VAC 20-60-264; 40 CFR 264.1100(c)(1) and 264.1101(b)(1)


Describe how the primary barrier is designed and constructed to prevent migration of hazardous constituents into the barrier (e.g., geomembrane covered by a concrete wear surface). For synthetic liners identify:



Thickness;



Type;



Material; and



Brand name and manufacturer.


Demonstrte that the primary barrier is constructed of materials of sufficient strength and thickness to prevent collapse under the pressure exerted by overlaying materials and by any equipment used in the containment building.


D-10a(4)(b)
Liquid Collection System:   9 VAC 20-60-264; 40 CFR 264.1100(c)(2) and 264.1101(b)(3)


Describe in detail the liquid collection system that must be designed and constructed of materials to minimize the accumulation of liquid on the primary barrier.


Demonstrate that the primary barrier is sloped to drain liquids to the associated collection system. Provide design and operating details of the associated collection system. Describe procedures to ensure that all liquids and waste in the collection system will be promptly removed to minimize hydraulic head on the containment system.


Demonstrate that the liquid collection system is constructed of materials of sufficient strength and thickness to prevent collapse under the pressure exerted by overlaying materials and by any equipment used in the containment building.


D-10a(4)(c)
Secondary Containment System: 9 VAC 20-60-264; 40 CFR 264.1100(c)(3)


Describe in detail the secondary containment system including a secondary barrier, which must be designed and constructed to prevent migration of hazardous constituents into the secondary barrier. The secondary containment system must also include a leak detection system that is capable of detecting failure of the primary barrier and collecting accumulated wastes and liquids at the earliest possible time.


D-10a(4)(c)(i)
Leak Detection System: 9 VAC 20-60-264; 40 CFR 264.1100(c)(3), 264.1101(a), 264.1101(b)(3)


Describe the design and operating features of the leak detection system, which must be located between the primary and secondary barriers. Demonstrate that the leak detection component of the secondary containment system is, at a minimum, constructed with a bottom slope of 1% or more.


Describe the leak detection system drainage material. Demonstrate that the detection system is constructed of granular drainage material with a hydraulic conductivity of 1 x 10-2 cm/sec or more and a thickness of 12 inches (30.5 cm) or more, or constructed of synthetic or geonet drainage materials with a transmissivity of 3 x 10-5 m2/sec or more.


Provide complete details of the piping system, sumps, pumps, etc. and demonstrate that the pipes and pipe performations are sized sufficiently to handle the expected flow of leachate. Provide sufficient piping to provide for rapid and timely detection of any leakage. The leak detection system must be separate from any containment building liquid collection system pumps.


Demonstrate that the leak detection system is constructed of materials of sufficient strength and thickness to prevent collapse under the pressure exerted by overlaying materials and by any equipment used in the containment building.


D-10a(4)(c)(ii)
Secondary Barrier: 9 VAC 20-60-264; 40 CFR 264.1100(b)(3), 264.1101(b)(3)


Describe how the secondary barrier is designed and constructed to prevent migration of hazardous constituents into the barrier. Provide the following information:



Thickness;



Type:



Material; and



Brand name and manufacturer.


Demonstrate that the secondary barrier is constructed of materials of sufficient strength and thickness to prevent collapse under the pressure exerted by overlaying materials and by any equipment used in the containment building.


D-10a(4)(d)
Temporary Variance from Secondary Containment Requirements: 9 VAC 20-60-264; 40 CFR 264.1101(b)(4)


For exiswting units, the Regional Administrator may delay the secondary containment requirements for up to two years. To obtain such a variance: (1) provide written notice of the request was submitted to the Regional Administrator by November 16, 1992; (2) describe the units and operating practices with specific reference to the performance of existing containment system; and (3) describe specfic plans to retrofit the unit with secondary containment.


D-10a(4)(e)
Waiver of Secondary Containment Requirements:  9 VAC 20-60-264; 40 CFR 264.1101(e)


If requesting a waiver from secondary containment requirements, demonstrate that the only free liquids that will be in the unit will be limited amount of dust suppression liquids required to meet occupational health and safety requirements. Describe in detail how containment of managed wastes and liquids can be assured without a secondary containment system.


D-10a(5)
Design of Units Managing Both Liquids and Non-Liquids in the Same Unit: 9 VAC 20-60-264; 40 CFR 264.1101(d)


Identify the areas of the containment building that are constructed both with and without secondary containment, if applicable. Demonstrate that the unit is constructed in accordance with the requirements of 264.1101(a) (see checklist sections D-10a(3), and D-10a(4) above).


D-10a(6)
Compatibility of Structure with Wastes: 9 VAC 20-60-264; 40 CFR 264.1101(a)(2) and 264.1101(b)(3)(iii)


Demonstrate that all surfaces in contact with hazardous wates, collected liquids or leachate must be chemically compatible with those wastes. For those units that manage liquids, demonstrate the secondary containment system is constructed of materials that are chemically resistant to the waste and liquids managed in the containment building.


D-10a(7)
Fugitive Dust Emissions: 9 VAC 20-60-264; 40 CFR 264.1101(d), 264.1101(c)(1)(iv), Part 60 Appendix A


Describe in detail the system used to prevent fugitive dust emissions such that any opening (e.g., doors, windows, vents, cracks, etc.) Exhibit no visible emissions (as defined in 40 CFR Part 60 Appendix A Method 22). Describe the design, operation, and maintenance of particulate collection devices that will be used in the unit to control air pollution.


D-10a(8)
Structural Integrity Requirements: 9 VAC 20-60-264; 40 CFR 264.1101(a)(2)


Describe the professionally recognized standards (e.g., American Concrete Institute [ACI], American Society of Testing materials [ASTM], etc.) That were or will be used to judge and meet the structural integrity requirements for the unit (as described in checklist Section D-10a(2)).


If appropriate to the nature of the waste management operations, an exception to the structual strength requirement may be made for light-weight doors and windows, provided that: (1) they provide an effective barrier against fugitive emissions, and (2) the unit is designed and operated in a fashion that assures wastes will not actually come in contact with these openings. Identify any portions of the unit that do not meet the structural strength requirements (see checklist Section D-10a(2)).


D-10a(9)
Certificate of Design: 9 VAC 20-60-264; 40 CFR 264.1101(c)(2)


Provide a certification by a qualified registered professional engineer that the containment building design meets the requirements of 264.1101(a) through 264.1101(c) [see checklist Sections D-10a(1) through D-10a(7)]. For units placed into operation prior to February 18, 1993, certification must be placed in the facilitys operating record no later than 60 days after the date of initial operation of the unit. For units placed into operation on or after February 18, 1993, indicate that certification by a registered professional engineer will be provided prior to operation of the unit.


D-10b

Containment Building Operations: 9 VAC 20-60-264; 40 CFR 264.1101(c)


D-10b(1)
Primary Barrier Integrity: 9 VAC 20-60-264; 40 CFR 264.1101(e)


Describe how the owner/operator will maintain the primary barrier to be free of significant cracks, gaps, corrosion, or other deterioration that could cause hazardous waste to be released from the primary barrier.


In order to minimize the accumulation of liquids on the primary barrier of the containment building, describe how liquids and waste that may accumulate in the liquid collection system will be removed at the earliest practical time to minimize hydraulic head.


D-10b(2)
Volume of Waste: 9 VAC 20-60-264; 40 CFR 264.1101(c)(1)(ii)


Describe how the owner/operator will maintain the level of the stored and/or treated hazardous waste within the containment walls of the unit so that the height of any containment wall is not exceeded.


D-10b(3)
Tracking of Waste Out of Unit: 9 VAC 20-60-264; 40 CFR 264.1100(e), 264.1101(c)(1)(iii)


Describe how the owner/operator will prevent the tracking of hazardous waste out of the unit by personnel or by equipment used in handling the waste.


D-10b(4)
Liquids Removal: 9 VAC 20-60-264; 40 CFR 264.1101(b)(2)(ii), 264.1101(b)(3)


Describe the sumps and liquid removal methods for the liquids collection and leak detection systems sufficient to collect and remove liquids from sumps and prevent liquids from backing up into the drainage layer. Indicate the fate of the collected liquids and leachates, which are considered hazardous wastes.


D-10b(5)
Management of Incompatible Wastes: 9 VAC 20-60-264; 40 CFR 264.1101(a)(3)


Indicate whether incompatible wastes or treatment reagents will be placed in theunit or its secondary containment system. If incompatible wastes or treatment reagents are placed in the unit, describe procedures to ensure that the incompatible wastes will not cause the unit or secondary containment system to leak, corrode, or otherwise fail.


D-10b(6)
Management of Liquids and Non-Liquids in the Same Unit: 9 VAC 20-60-264; 40 CFR 264.1101(d)(2) and (3)


For containment buildings that containe areas both with and without secondary containment, describe measures to prevent the release of liquids or wet materials into areas without secondary containment.


Indicate that the facilitys operating log will include a written description of the operating procedures used to maintain the integrity of areas of the containment building that do not have secondary containment.


D-10b(7)
Fugitive Dust Emissions: 9 VAC 20-60-264; 40 CFR 264.1100(d), 264.1101(c)(1)(iv), Part 60 Appendix A


Describe the controls used to prevent fugitive dust emissions such that any opening (e.g., doors, windows, vents, cracks, etc.) Exhibit no visible emissions (as defined in 40 CFR Part 60 Appendix A Method 22). Describe the design, operation, and maintenance of particulate collection devices that will be used in the unit to control air pollution. Describe how the state of no visible emissions will be effectively maintained at all times during routine operating and maintenance conditions, including when vehicles and personnel are entering and exiting the unit.


D-10b(8)
Treatment of Wastes: 9 VAC 20-60-264; 40 CFR 264.1101(b)(3)(ii )


If treatment of wastes is conducted in the containment building, describe how treatment will be conducted to prevent the release of liquids, wet materials, or liquid aerosols to other portions of the building.


D-10b(9)
Equipment Decontamination: 9 VAC 20-60-264; 40 CFR 264.1101(c)(1)(iii)


Identify the area used to decontaminate equipment and collect and manage any rinsate from decontamination. Identify the fate of the decontamination residues.


D-10c

Containment Buildings as Tank Secondary Containment: 9 VAC 20-60-264; 40 CFR 264.1101(b)(3)(iii)


Indicate whether the containment building is intended to serve as a secondary containment system for a tank placed in the building. The unit can serve as an acceptable external liner system for a tank, provided it meets the requirements of 264.193(d)(1), 264.193(b), 264.193(c)(2) [see checklist sections D-2d(1)(b) and (c)].
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C

Waste Characteristics

C-1

Chemical and Physical Analyses: 9 VAC 20-60-264, 266, and 1010.B.2.; 40 CFR 264.13 (a), 266.102(a)(2)(ii) and 266.102(b)


For each hazardous waste and hazardous debris stored, treated or disposed at the facility, describe the waste, the hazard characteristics, the basis for hazard designation, and provide a laboratory report detailing the chemical and physical analyses of representative samples.  At a minimum, the analyses must include all the information that must be known to treat, store, or dispose of waste in accordance with Parts 264 and 268 requirements or conditions of a permit issued under Part 1010.


C-1a

Containerized Waste: 9 VAC 20-60-264 and 1010.K.1.d.; 40 CFR 264.172


Demonstrate that wastes are compatible with container construction materials.


For owners and operators that store containers of wastes without a secondary containment system, provide the test procedures and results, or other documentation or information, which show that the wastes do not contain free liquids.  


C-1b

Waste in Tanks: 9 VAC 20-60-264; 40 CFR 264.190(a), 264.191(b)(2) and 264.192(a)(2)


Provide the hazardous characteristics of the waste to be handled in the tank systems, and demonstrate that the tank construction materials are compatible with the wastes stored in the tank.


For owners and operators who store or treat wastes in tanks without secondary containment, provide the test procedures and results, or other documentation, which show that the wastes do not contain free liquids.


C-1c

Waste in Piles: 9 VAC 20-60-264; 40 CFR 264.250(c)(1) and (4)


For owners and operators requesting a waiver from the waste pile requirements, provide the test procedures and results, or other documentation or information, which show that the wastes do not contain free liquids when placed on the pile and that the wastes will not generate leachate through decomposition or other reactions while being stored.


C-1d

Landfilled Wastes: 9 VAC 20-60-264; 40 CFR 264.13(c)(3) and 264.314


Provide the test procedures and other results, or other documentation or information, showing that containerized or bulk wastes do not contain free liquids.


C-1e

Wastes Incinerated and Wastes Used in Performance Tests: 9 VAC 20-60-264 and 1050.B.2.; 40 CFR 264.341 and 40 CFR 261 Appendix VIII


Analyses must be provided for each waste or waste mixture to be burned during operation and for the waste feed (to be) used in the performance tests, including:  heat value; viscosity of liquids; physical form of nonliquids; identification of Appendix VIII hazardous organic constituents reasonably expected to be present; chlorine concentration; and ash content.  If data is submitted in lieu of a trial burn, applicant must quantify potential POHCs and provide a comparison of wastes used in performance tests and those for which permit is sought demonstrating similarity.


C-1f

Wastes to be Land Treated: 9 VAC 20-60-264 and 1010.K.6.b.4.; 40 CFR 264.271(a)(1) and (2), 264.272, and Part 261 Appendix VIII.


For each waste that will be applied to the treatment zone, demonstrate that the hazardous constituents in the waste can be completely degraded, transformed, or immobilized in the treatment zone.  Provide a list of Appendix VIII hazardous constituents reasonably expected to be in or derived from the wastes to be land treated based on waste analyses.


If food chain crops will be grown in or on the treatment zone, identify Appendix VIII hazardous constituents reasonably expected to be in or derived from wastes and provide the concentration of cadmium in all wastes to be land treated [see D-7f(1) and D-7f(1)].


C-1g

Wastes in Miscellaneous Treatment Units: 9 VAC 20-60-1010.K.8.


For any miscellaneous unit treating waste, provide a report or a demonstration of the effectiveness of the treatment based on laboratory or field data.


C-1h

Wastes in Boilers and Industrial Furnaces: 9 VAC 20-60-266 and 1010.K.11.a.; 40 CFR 266.102(b), 40 CFR 261 Appendix VIII


Provide for each waste stream, including hazardous waste, other fuels, and industrial furnace feedstocks, as fired: (1) heating value; (2) levels of antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, silver, thallium, total chlorine/chloride, and ash; and (3) viscosity or description of the physical form of the feed stream.


Provide for each hazardous waste, as fired: (1) identification of Appendix VIII hazardous constituents that would reasonably be expected in the feed; (2) approximate quantification of the hazardous constituents identified; and (3) if blending is to occur prior to firing, a detailed analysis of the blending materials, blending ratios, and description of blending procedures.


C-2

Waste Analysis Plan: 9 VAC 20-60-264, 266, 268 and 1010.B.3.; 40 CFR 264.13(b) and (c), 266.102(a)(2)(ii),  266.104(a)(2), and 40 CFR 268.7


Provide a copy of the waste analysis plan that describes the methodologies for conducting the analyses required to properly treat, store, or dispose of hazardous wastes and comply with the land disposal restrictions program.


C-2a

Parameters and Rationale: 9 VAC 20-60-264; 40 CFR 264.13(b)(1)


List parameters chosen for analysis and explain the rationale for their selection.


C-2b

Test Methods: 9 VAC 20-60-264; 40 CFR 264.13(b)(2)


Identify and reference the test methods used to test for parameters chosen.


C-2c

Sampling Methods: 9 VAC 20-60-261, 264 and 266; 40 CFR 264.13(b)(3), Part 261 Appendix I, Part 266 Appendix IX


Identify and reference the sampling methods used to obtain a representative sample of each waste to be analyzed and document that the chosen methods are appropriate for the type and nature of the waste.


C-2d

Frequency of Analyses: 9 VAC 20-60-264; 40 CFR 264.13(b)(4)


Describe the frequency at which the analyses will be repeated.


C-2e

Additional Requirements for Wastes Generated Off-Site: 9 VAC 20-60-264; 40 CFR 264.13(b)(5) and 264.17


Describe the procedures used to inspect and/or analyze a representative portion of wastes generated off-site.  Describe the statistical method used to determine a representative sample of incoming wastes (e.g., number of drums to be sampled).


C-2f

Additional Requirements for Ignitable, Reactive or Incompatible Wastes: 9 VAC 20-60-264; 40 CFR 264.13(b)(6) and 264.17


Describe the methods used to meet additional waste analysis requirements necessary for treating, storing, or disposing of ignitable, reactive or incompatible wastes.


C-2g

Additional Requirements Pertaining to Boiler and Industrial Furnace Facilities: 9 VAC 20-60-266; 40 CFR 266.102(e)(6)(ii)(C) and 266.102(e)(6)(iii)


Feed rate limits for metals, total chlorine and chloride, and ash are established and monitored by knowing the constituent concentrations (i.e., metals chlorine/chloride, and ash) in each feed stream and the flow rate of each feed stream.  The owner/operator must submit a methodology for determining all feed rates for which limits must be established.  At a minimum, the methodology must describe: (1) sampling and analysis methods and frequencies for each constituent, and (2) procedures for determining mass flow rates for individual constituents from the raw analytical data.


C-3

Waste Analysis Pertaining to Land Disposal Restrictions: 9 VAC 20-60-262, 264, 266, 268 and 1010.B.3.; 40 CFR 262.10, 262.11, 264.13, 264.73; and 266.102(a)(2)(ii)


C-3a

Waste Analysis: 9 VAC 20-60-261, 264 and 268; 40 CFR 261.21 through 261.24, 264.13(a)(1), 268.1, 268.7, 268.9, 268.32 through 268.37, 268.41 through 268.43


For each hazardous waste or hazardous waste residue stored, treated, or disposed at the facility, provide analytical data necessary to determine whether the waste is a restricted waste and whether the waste is being managed properly under the Land Disposal requirements of 9 VAC 20-60-268. Wastes must be characterized by their treatability group (i.e., wastewater or nonwastewater) as defined in 40 CFR 268.2(d) and 268.2(f), and, if applicable, by their subcategory within a treatability group (e.g., D003 reactive cyanides).  Because treatment standards have been established for both listed and characteristic wastes, treatment, storage and/or disposal facilities that land dispose of restricted waste are required to determine if the listed wastes also exhibit a hazardous waste characteristic.  Process knowledge can be used to determine whether a waste is restricted, but this knowledge must be documented.


For treatment facilities, the waste analysis plan must provide procedures (sampling, analytical, frequency of analysis) for testing wastes or an extract of the waste for compliance with land disposal restrictions.


For land disposal facilities, the owner/operator must provide procedures for testing the waste or treatment residue to demonstrate that the land disposed waste complies with applicable prohibitions.  The waste analysis plan must present sampling and analytical procedures as well as specify the frequency of analysis.


Wastes that do not meet the treatment standards specified in 9 VAC 20-60-268 are prohibited from land disposal unless (1) a national capacity variance has been granted, (2) an exemption pursuant to 40 CFR 268.6 has been granted, (3) a case-by-case extension has been granted pursuant to 40 CFR 268.5., or (4) a treatability variance has been granted pursuant to 40 CFR 268.44.


[Note: Wastes that were newly identified or newly listed as hazardous after 11/84 for which EPA has not promulgated treatment standards are not subject to the land disposal restrictions.]


C-3a(1)

Spent Solvent and Dioxin Wastes: 9 VAC 20-60-264 and 268; 40 CFR 264.13(a)(1), 268.2(f)(1), 268.7, 268.30 and 268.31


Describe the procedures that will be used to determine whether F001 - F005 spent solvent wastes and F020 - F023 and F026 - F028 dioxin-containing waste meet the applicable treatment standards or demonstrate that the waste has been treated by the appropriate specified treatment technology.  Process knowledge can be used to make this determination, as appropriate.


C-3a(2)

California List Wastes: 9 VAC 20-60-264 and 268; 40 CFR 264.13(a)(1), 268.7, 268.32, 268.42(a); and RCRA Section 3004(d)


Describe the procedures that will be used to determine whether a waste is a California list waste prohibited from land disposal and whether the waste is subject to treatment standards outlined in 40 CFR 268.42(a).  Process knowledge can also be used to make this determination.


Although California list restrictions have largely become obsolete as treatment standards have ben issued for specific hazardous wastes, California list restrictions still apply in the following instances:



Liquid hazardous waste containing PCBs greater than or equal to 50 ppm;



Liquid characteristic wastes containing over 134 mg/l nickel and/or 130 mg/l thallium;



Characteristic wastes containing halogenated organic compounds (HOCs) at concentrations greater than or equal to 1000 mg/l (liquids) or mg/kg (solids), where the HOCs are not derived from listed hazardous wastes; and



During any nation-wide extension to the effective date for either a characteristic or listed waste.


Newly listed or newly identified wastes are not subject to the California list prohibitions.


C-3a(3)

Listed Wastes: 9 VAC 20-60-264 and 268; 40 CFR 264.13(a)(1), 268.7, 268.33, 268.34, 268.35, 268.36, 268.41, 268.42, and 268.43.


Describe procedures that will be used to determine whether a listed waste meets the applicable treatment standards or demonstrate that the waste has been treated by the appropriate treatment technology.  Process knowledge can be used to make this determination, as appropriate.  Where treatment standards are based on concentrations in the waste extract (see 40 CFR 268.41), generators and treatment, storage and/or disposal facilities must use TCLP to determine if their wastes meet the treatment standards.  However, arsenic-containing nonwastewaters (K031, K084, K101, P010, P011, P012, P036, P038, and U136) may also use the EP toxicity test to determine compliance with the treatment standards.


C-3a(4)

Characteristic Waste: 9 VAC 20-60-261, 264 and 268; 40 CFR 261.3(d)(1), 264.13(a)(1), 268.7, 268.9, 268.37, Part 268 Appendix I, Part 268 Appendix IX


Describe procedures that will be used to determine whether a characteristic waste meets the applicable treatment standards or demonstrate that the waste has been treated by the appropriate specified treatment technology. Process knowledge can be used to make this determination, as appropriate.  Where treatment standards are based on concentrations in the waste extract (see 40 CFR 268.41), generators and treatment, storage and/or disposal facilities must use TCLP to determine if their wastes meet the treatment standards.  However, characteristic D008 lead nonwastewaters and D004 arsenic nonwastewaters may also use the EP toxicity test to determine compliance with the treatment standards.


Describe the procedures that will be used to identify the underlying hazardous constituents that are expected to be present in D001 or D002 wastes, as specified in 40 CFR 268.9(a)


Indicate that if, after treatment, a hazardous waste displays a characteristic for the first time, the characteristic waste code will be added to the land disposal notification forms and facility records.  Describe procedures to make this determination.  Indicate wastes will be re-treated, as appropriate, in order to meet the characteristic treatment standard prior to land disposal.


C-3a(5)

Radioactive Mixed Waste: 9 VAC 20-60-268; 40 CFR 268.7, 268.35(c) and (d), 268.36, and 268.42(d)


Radioactive mixed wastes are regulated under both RCRA and the Atomic Energy Act.  Prior to land disposal, the hazardous waste constituents of mixed radioactive waste must comply with the appropriate treatment standards listed in 40 CFR 268.41, 268.42, and Table 2 of 268.43.  A subset of radioactive mixed wastes listed in Table 3 of 268.42 are subject to the specific treatment standards identified in Table 3. Hazardous debris containing radioactive wastes are not subject to the treatment standards of Table 3 but must comply with the treatment standards specified in 268.45.


Describe procedures that will be used to determine whether a mixed waste meets the applicable treatment standards or to demonstrate that the waste has been treated by an appropriate specified treatment technology. Process knowledge can be used to make this determination, as appropriate.


C-3a(6)

Leachates: 9 VAC 20-60-260 and 268; 40 CFR 260.10 and 268.35(a)


Single-source leachate generated from liquids percolating through a single waste (e.g., a monofill), is subject to the land disposal restrictions of the listed waste from which it is derived.  Single-source leachates cannot be combined to produce multisource leachates.  Multi-source leachates derived solely from dioxin-containing wastes (i.e., F020 - F023 and F026 - F028) are handled as though they are single-source leachates, and must meet the treatment standards for the dioxin-containing waste.  Describe procedures that will be used to determine whether a single-source leachate meets the applicable treatment standards or to demonstrate that the waste has been treated by the appropriate specified treatment technology.


Multi-source leachate F039 derives from liquids that percolate through land disposed listed wastes.  Multi-source leachate is subject to the treatment standards of P- and U-wastes from which the leachate may be derived. [Note that it is not necessary to test for every hazardous constituent that may comprise F039 multi-source leachate.  EPA guidance requires an initial analysis of all regulated constituents in F039 and, based on the results of the analysis, development of a reduced list of constituents to be monitored on a regular basis.  The testing scheme must be supplemented with less frequent, broader analyses to monitor for any changes in the chemical composition of the leachate.] Describe procedures that will be used to determine whether F039 multi-source leachate meets the applicable treatment standards prior to land disposal.


Leachate that originates from newly identified waste (i.e., those without treatment standards), is not coded F039 waste, but is labeled with the newly listed waste codes from which is derived.


C-3a(7)

Lab Packs: 9 VAC 20-60-268; 40 CFR 268.7(a)(7) and (8), 268.42(c), 268 Appendix IV, and 268 Appendix V


Prior to being land disposed, the wastes contained in lab packs must meet all applicable treatment standards for each waste type.  Describe procedures that will be used to determine whether lab-pack wastes meet the applicable treatment standards or to demonstrate that the waste has been treated by the appropriate specified treatment technology.  Process knowledge can be used to make this determination.  Discuss procedures to ensure that lab-pack wastes will meet land disposal requirements.


Alternatively, a generator can establish two general lab pack categories: (1) organometallic lab packs and (2)organic lab packs.  Permissible waste code components of these two lab pack categories are listed in 40 CFR 268 Appendix IV and V.  Treatment of organic lab pack requires incineration.  Treatment of organometallic lab packs requires incineration followed by treatment of the residue to meet D004, D005, D006, D007, D008, D010, and D011 characteristic waste treatment standards.  Lab packs containing California list PCBs or dioxins must be treated according to special incineration requirements detained in 40 CFR 268.42(a).  Discuss procedures to ensure that lab pack wastes will meet the land disposal requirements.


C-3a(8)

Waste Mixtures and Wastes with Overlapping Requirements: 9 VAC 20-60-264 and 268; 40 CFR 264.13(a)(1), 268.7, 268.9, 268.41(b), 268.43(b), and 268.45(a)


Describe the procedures that will be used to demonstrate that waste mixtures and wastes carrying multiple waste codes are properly characterized and meet treatment standards prior to land disposal.  Wastes that carry more than one characteristic or listed waste code must be treated to meet the most stringent treatment requirement for each hazardous waste constituent of concern prior to land disposal.


When wastes with differing treatment standards are combined solely for purposes of treatment, indicate that the most stringent treatment standard specified will be met for each constituent of concern in the combined waste prior to land disposal.


C-3a(9)

Dilution and Aggregation of Wastes: 9 VAC 20-60-286; 40 CFR 268.3


Facilities that perform dilution or aggregation of hazardous waste must demonstrate that these activities are not in violation of land disposal regulations.  Listed wastes, if destined for land disposal, may never be diluted.  Characteristic wastes that are not toxic (i.e., D001 through D003) may be diluted.  Characteristic wastes that are toxic (D004 through D043) may be diluted only if: (1) the waste is to be underground injected and the characteristic is removed prior to injection, (2) the waste has a concentration based and not a technology based treat standard, and is not D003 reactive waste, and is being treated in a system pursuant to the Clean Water Act, or (3) the waste is not destined for land disposal.


A facility cannot dilute or partially treat a listed waste to switch treatability categories (e.g., switch from non-wastewater to wastewater) in order to comply with different treatment standards.  Note that EPA does not consider dewatering technologies (i.e., filtration, centrifugation, etc.) that produce a wastewater fraction and a non-wastewater fraction to be impermissible category switching.


Aggregation of wastes for treatment is not considered impermissible dilution, if wastes are all legitimately amenable to the same type of treatment to be performed.


C-3b

Notification, Certification, and Recordkeeping Requirements: 9 VAC 20-60-264 and 268; 40 CFR 264.73, 268.7 and 268.9(d)


The waste plan must present procedures for preparing and/or maintaining applicable notifications and certifications to comply with land disposal restrictions.  A treatment facility that generates treatment residues must prepare applicable notification and certifications. Any facility receiving wastes from off-site must provide procedures in the waste analysis plan for ensuring proper certifications are submitted prior to accepting land disposal restricted wastes.


C-3b(1)

Retention of Generator Notices and Certifications: 9 VAC 20-60-268; 40 CFR 268.7(a)


The owner/operator of a treatment, storage or disposal facility managing any waste subject to land disposal restrictions must demonstrate that the following notices and certifications submitted by the initial generator of the waste will be re-reviewed and maintained:



Notices of restricted wastes not meeting treatment standards or exceeding California-list prohibition levels or RCRA Section 3004(d), including the information listed in 40 CFR 268.7(a)(1)



Notices of restricted wastes meeting applicable treatment standards and prohibition levels, including the information in 40 CFR 268.7(a)(2)



Notices of waste receiving a case-by-case exemption under 268.5, an exemption under 268.6, or a nationwide variance, including the information in 40 CFR 268.7(a)(3).


C-3b(2)

Notification and Certification Requirements for Treatment Facilities: 9 VAC 20-60-268; 40 CFR 268.7(b)


The treatment facility must submit a notice and certification to the land disposal facility with each shipment of restricted waste or treatment residue of a restricted waste.  The notice must include the information listed in 40 CFR 268.7(b)(4) and (5).


If the waste or treatment residue will be further managed at a different treatment or storage facility, the facility sending the waste or treatment residue off-site must comply with the notice and certification requirements applicable to generators, as specified in 40 CFR 268.7(a).


C-3b(3)

Notice and Certification Requirements for Land Disposal Facilities: 9 VAC 20-60-268; 40 CFR 268.7(c)(1).


The owner/operator of a land disposal facility disposing of waste subject to land disposal restrictions must maintain copies of the notice and certifications submitted by the generator and treatment/storage facilities, if applicable.


C-3b(4)

Wastes Shipped to Subtitle C Facilities: 9 VAC 20-60-268; 40 CFR 268.7(a) and 268.7(b)(6)


For restricted wastes or waste treatment residues that will be further managed at a Subtitle C (hazardous waste management) facility, the owner/operator of the facility shipping the waste off-site must submit notifications and certifications in compliance with the notification and certification requirements applicable to generators under 40 CFR 268.7(a).  Each shipment of waste that is to be transported off-site to a RCRA permitted Subtitle C treatment, storage, and/or disposal facility, must include a written notification and certification that the waste either meets or does not meet applicable treatment standards or prohibition levels.


C-3b(5)

Wastes Shipped to Subtitle D Facilities: 9 VAC 20-60-268; 40 CFR 268.7(d) and 268.9(d)


A one-time notification and certification is required for characteristic wastes (or listed wastes that are listed only because they exhibit a characteristic) that have been treated to remove the hazardous characteristic and are no longer considered hazardous.  The owner/operator must place a certification (and all treatment records) in the facilitys files and send a notification and certification to the Director and EPA Regional Administrator describing the waste and applicable treatment standards and identifying the Subtitle D (solid waste management) disposal facility receiving the waste.  On an annual basis, the notification and certification must be updated and refiled if the process or operation generating the waste and/or if the Subtitle D facility receiving the waste changes.


C-3b(6)

Recyclable Materials: 9 VAC 20-60-268; 40 CFR 268.7(b)(7)


For wastes that are recyclable materials used in a manner constituting disposal, in accordance with 40 CFR 266.20(b), the owner/operator of a storage or treatment facility must submit a notice and certification to the Director and the EPA Regional Administrator with each shipment of waste describing the waste and applicable treatment standards and identifying the facility receiving the waste product.


C-3b(7)

Recordkeeping: 9 VAC 20-60-264 and 268; 40 CFR 264.73, 268.7(a)(5), 268.7(a)(6), 268.7(a)(7), 268.7(d)


Treatment, storage, and/or disposal facilities that manage wastes generated on-site must (1) determine if the waste is restricted from land disposal and keep documentation of that determination and (2) maintain documentation to indicate where restricted wastes were treated, stored and/or disposed.


Facilities managing wastes generated on-site that use only process knowledge to determine compliance with land disposal restrictions must retain all data used to make this determination.  If the owner/operator tests a representative sample of the waste to determine compliance with land disposal restrictions, all waste analysis must be retained on-site in the facilitys files.


The owner/operator of a treatment, storage, and/or disposal facility managing any waste subject to land disposal restrictions must demonstrate that all notifications and certifications submitted by waste generators or other treatment, storage and/or disposal facilities will be reviewed and will be maintained as part of the operating record until closure of the facility, in accordance with the recordkeeping requirements of 40 CFR 264.73.


Land disposal facilities are required to keep records of the quantities and date of placement of each shipment of waste placed in a land disposal unit under an extension to the effective date of any land disposal restriction pursuant to 40 CFR 268.5, or a no-migration petition under 40 CFR 268.6.


Recycling facilities must keep records of the name and location of each entity receiving a hazardous waste derived product.


Facilities managing a restricted waste that is excluded from the definition of a hazardous or solid waste or exempt from Subtitle C regulations, must place a one-time notification in the facility files describing the generation, basis for exclusion or exemption, and disposition of the waste.  (Exclusions and exemptions are detailed in 40 CFR 261.2 through 261.6)


C-3c

Requirements Pertaining to the Storage of Restricted Wastes: 9 VAC 20-60-268; 40 CFR 268.50.


The owner/operator of a treatment, storage, and/or disposal facility storing hazardous wastes that are restricted from land disposal must demonstrate that (1) they are storing such wastes in tanks, containers, or containment buildings on-site and (2) such storage is solely for the purpose of accumulating sufficient quantities of waste to facilitate proper treatment, recovery, or disposal.


If prohibited wastes are stored beyond one year, the owner/operator has the burden of proving, in the event of an enforcement action, that such storage is for allowable reasons.  Prior to one year, DEQ maintains the burden of proving that storage has occurred for the wrong reason.


Storage requirements do not apply to restricted wastes that:



Meet applicable treatment standards; or



Have received a nationwide variance; or



Have received an exemption under 40 CFR 268.6; or



Have received a case-by-case extension under 40 CFR 268.5.


C-3c(1)

Restricted Wastes Stored in Containers: 9 VAC 20-60-268; 40 CFR 268.50(a)(2)(i)


If wastes are stored in containers, the owner/operator must demonstrate that each container will be clearly marked to identify its contents and the date each period of accumulation begins.


C-3c(2)

Restricted Wastes Stored in Tanks: 9 VAC 20-60-268; 40 CFR 268.50(a)(2)(ii)


If wastes are stored in tanks, the owner/operator must demonstrate that each tank will be clearly marked with a description of its contents, the quantity of each hazardous waste received, and the date each period of accumulation begins.  Alternatively, the owner/operator may demonstrate that such information will be recorded and maintained in the operating record at the facility for each restricted waste storage tank.


C-3c(3)

Storage of Liquid PCB Wastes: 9 VAC 20-60-268; 40 CFR 268.50(f)


If liquid hazardous wastes containing concentrations of PCBs greater than or equal to 50 ppm will be stored at the facility, the owner/operator must demonstrate that the facility meets the requirements of 40 CFR 761.65(b).  The owner/operator must describe procedures for removal of these wastes from storage within one year and treatment or disposal of the wastes in compliance with land disposal restrictions.


C-3d

Exemptions, Extensions, and Variances to Land Disposal Restrictions

C-3d(1)

Case-by-Case Extensions to an Effective Date: 9 VAC 20-60-268 and 1010.J.; 40 CFR 268.5.


The owner/operator of a treatment, storage, and/or disposal facility requesting an extension to the effective date of any restriction in Subpart C of Part 268 must submit an application to the  EPA Regional Administrator containing the information and certification described in 40 CFR 268.5(a) and 268.5(b).  If a case-by-case extension has been approved under 268.5, the owner/operator must provide a copy of the notice of approval.  Variances issued  by the Regional Administrator to persons managing wastes in Virginia will be considered as a valid variance in accordance with 9 VAC 20-60-1370 through 1420.


C-3d(2)

Exemption from Prohibition: 9 VAC 20-60-268 and 1010.J.; 40 CFR 268.6.


The owner/operator of a treatment, storage, and/or disposal facility requesting an exemption from a prohibition for the disposal of a restricted waste in a particular unit or units must submit a petition to the EPA Regional Administrator demonstrating that there will be no migration of hazardous constituents from the disposal unit(s) for as long as the wastes remain hazardous.  The petition must include the demonstration and certification specified in 40 CFR 268.6(a) through 268.6(d).  If a petition has been approved under 268.6, the owner/operator must provide a copy of the notice of approval.  Any petition granted by the Regional Administrator will be considered as a valid variance in accordance with 9 VAC 20-60-1370 through 1420.


C-3d(3)

Variance from a Treatment Standard: 9 VAC 20-60-268; 40 CFR 268.44


A treatment facility may petition the EPA Regional Administrator for a site-specific variance from a specific treatment standard if a waste cannot be treated to the specified level or if the treatment technology is not appropriate for the waste.  The applicant must demonstrate that, because the physical or chemical properties of the waste differ significantly from waste analyzed in developing the treatment standard, the waste cannot be treated to the specified levels or by the specified methods.  The variance petition must establish alternative treatment standard(s).  Petition requirements are outlined in 40 CFR 268.44.


C-3d(4)

Requirements for Surface Impoundments Exempted from Land Disposal Restrictions: 9 VAC 20-60-264 and 268; 40 CFR 264.13(b)(7), 268.4 and 268.14


Surface impoundments exempted from land disposal restrictions under 40 CFR 268.4(a) or 268.14 must comply with the following:


C-3d(4)(a)
Treatment of Wastes: 9 VAC 20-60-268; 40 CFR 268.14


The owner/operator must demonstrate that treatment of wastes otherwise prohibited from land disposal occurs in the surface impoundment.  Note that evaporation of hazardous constituents as a principle means of treatment is not considered a valid treatment method for an exemption from land disposal restrictions.


C-3d(4)(b)
Sampling and Testing: 9 VAC 20-60-264 and 268; 40 CFR 264.13(b)(6), 268.4(a)(2)(i) and (iv)


The surface impoundment facility waste analysis plan must include the procedures and schedule for sampling and analysis of treatment residues and the analysis of test data to determine if the residues meet the applicable treatment standards or prohibitions.


C-3d(4)(c)
Annual Removal of Residues: 9 VAC 20-60-264 and 268; 40 CFR 264.13(b)(7)(III), 268.4(a)(2)(ii)


The owner/operator must provide procedures and schedules for annual removal from the surface impoundment of treatment residues (including any liquid waste) that:



Do not meet the treatment standards or prohibition levels; or



Are residues of wastes prohibited from land disposal where no treatment standards or prohibitions apply; or



Are residues from listed wastes that are not delisted under 40 CFR 260.22; or



Exhibit a characteristic of hazardous waste.


C-3d(4)(d)
Design Requirements: 9 VAC 20-60-268; 40 CFR 268.4(a)(3) and (4)


The owner/operator of the surface impoundment facility must demonstrate that the design requirements of 40 CFR 264.221(c) (minimum two liners with a leachate collection and removal system between the liners) have been met or that an exemption, waiver, or modification has been granted under 40 CFR 268.4(a)(3).
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necessary. 
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MU 25 264.601(c)(1)  The volume and physical and chemical characteristics of the 
waste in the unit, including its potential for emission and 
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prevent emissions; 


    


MU 27 264.601(c)(3)  The operating characteristics of the unit;     
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(MU 32)  MONITORING, ANALYSIS, INSPECTION, RESPONSE, REPORTING, AND CORRECTIVE ACTION - 264.602 


Monitoring, testing, analytical data, inspection, response, and reporting procedures and frequencies must be in 
compliance with 264.601, 264.15, 264.33, 264.75, 264.76, 264.77, and 264.101 as well other additional 
requirements. 


    


        


(MU 33)  POST-CLOSURE CARE - 264.603 


Must comply with 264.601 during the post-closure care period. 


The post-closure plan under 264.118 must specify the procedures to satisfy this requirement. 
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SUBJECT REQUIREMENT:
Virginia Hazardous Waste Management Regulations, Amendment 15C


9 VAC 20-60-12 et seq. and 40 CFR 261 et seq., as adopted by reference


A.

PART A APPLICATION: 9 VAC 20-60-980. and 1000.


B.

Facility Description

B-1

General Description: 9 VAC 20-60-1010.B.1.  


Describe the facility, including the nature of the business.  Off-site facilities should identify the types of industry served; on-site facilities should briefly describe the process(es) involved in the generation of hazardous waste.


B-2

Topographic Map: 9 VAC 20-60-1010.I.


B-2a

General Requirements: 9 VAC 20-60-1010.I.


Show the facility and a distance of 1,000 feet around it, at a scale of 1 inch equal to not more than 200 feet.  The map must include contours sufficient to show surface water flow in the vicinity of and from each operational unit (e.g., contours of 5 feet if relief is greater than 20 feet; contours of 2 feet if the relief is greater than 20 feet.)  The map must include:  contours sufficient to show surface water flow around facility unit operations, map date, 100-year floodplain area, surface waters, surrounding land uses, a wind rose, map orientation, and legal boundaries of facility site.  The map must also indicate location of access control, injection and withdrawal wells, buildings, structures, sewers (storm, sanitary, and process), loading and unloading areas, fire control facilities, flood control or drainage barriers, run-off control systems, and location of (proposed) new and existing hazardous waste management units and solid waste management units.  Note: Multiple maps may be submitted, but all must be at a scale of one inch equals not more than 200 feet.


B-2b

Additional Requirements for Land Disposal Facilities: 9 VAC 20-60-264 and 1010.K.3. and 1010.K.4.; 40 CFR 264.95 and 264.97



The topographic map must also indicate the waste management area boundaries, property boundaries, proposed point of compliance, proposed groundwater monitoring well locations, the locations of the uppermost aquifer and aquifers hydraulically interconnected beneath the facility (including flow direction and rate), and if present, the extent of the plume of contamination that has entered the groundwater from a regulated unit.  Note: Multiple maps may be submitted, but all must be at a scale of one inch equals not more than 200 feet.


B-3

Location Information

B-3a

Seismic Standard: 9 VAC 20-60-264 and 270; 40 CFR 264.18(a) and 270.14(b)(11)(i) and (ii)


New facilities must identify the political jurisdiction (county, township, or election district) in which the facility will be located. If the facility will be located in an area listed in CFR Part 264 Appendix VI, prove that the faclity is located at least 3000 feet from any faults that have had displacement in Holocene time or that no such faults pass within 200 feet of proposed hazardous waste treatment, storage or disposal areas. Proof may be based on geologic studies, aerial photographs, filed observations, or subsurface investigations. All information must be acceptable to a geologist experienced in evaluating seismic activity.


B-3b

Floodplain Standard: 9 VAC 20-60-264 and 1010.C.1.;  40 CFR 264.18(b) and 270(b)(11)(iii)


Document whether or not the facility is located within a 100-year floodplain, and include the source of data (Federal Insurance Administration Map or equivalent maps and calculations).


B-3b(1)

Demonstration of Compliance: 9 VAC 20-60-264 and 1010.C.3.; 40 CFR 264.18(b) and 270(b)(11)(iv)


For facilities located within the 100-year floodplain, describe how the facility is designed, constructed, operated, and maintained to prevent washout of any hazardous waste during a flood.


B-3b(1)(a)
Flood Proofing and Flood Protection Measures: 9 VAC 20-60-1010.C.2.a. and b.


Provide a structural or other engineering study indicating the various hydrodynamic and hydrostatic forces expected in a 100-year flood and showing how the design of the hazardous waste units and flood proofing and protection devices at the facility will prevent washout; or


B-3b(1)(b)
Flood Plan: 9 VAC 20-60-1010.C.2.c.


Describe the procedures to be followed to remove hazardous waste to safety before the facility is flooded, including timing related to flood levels, estimated time to move the waste, the location to which the waste will be moved, demonstration that those facilities will be eligible to receive hazardous waste, the planned procedures, equipment, and personnel to be used, and the potential for accidental discharge of the waste during movement.


B-3b(2)

Plan for Future Compliance With Floodplain Standard: 9 VAC 20-60-1010.C.3.


For facilities located within the 100-year floodplain that do not comply with the floodplain standard, show how and when the facility will be brought into compliance.


B-3b(3)

Waiver for Land Storage and Disposal Facilities: 9 VAC 20-60-264; 40 CFR 264.


If a waiver from the Floodplain Standard is requested, the owner or operator must demonstrate that there will be no adverse effects on human health or the environment if washout occurs and that procedures are in effect to safely remove the waste before flood waters reach the facility. Note that wastes must be removed to a facility that has interim status or is permitted.  The following factors must be considered in this demonstration:  the volume and physical and chemical characteristics of the waste; the concentration of hazardous constituents that would potentially affect surface waters; the impact of such concentrations on the current or potential uses of and water quality standards established for the affected surface waters; and the impact of hazardous constituents on the sediments of affected surface waters or the soils of the 100-year floodplain.


B-4

Traffic Information: 9 VAC 20-60-1010.B.10.


Describe the traffic pattern on-site, including estimated volume, traffic control, signs, signals and procedures, adequacy of access roadway surfaces, and load-bearing capacity for expected traffic on-site.
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Emission Factors from Aerial and Ground Measurements of Field and
Laboratory Forest Burns in the Southeastern U.S.: PM2.5, Black and
Brown Carbon, VOC, and PCDD/PCDF
Johanna Aurell† and Brian K. Gullett*


U.S. Environmental Protection Agency, Office of Research and Development, National Risk Management Research Laboratory,
Research Triangle Park, North Carolina 27711, United States


*S Supporting Information


ABSTRACT: Aerial- and ground-sampled emissions from three prescribed forest burns in
the southeastern U.S. were compared to emissions from laboratory open burn tests using
biomass from the same locations. A comprehensive array of emissions, including PM2.5,
black carbon (BC), brown carbon (BrC), carbon dioxide (CO2), volatile organic
compounds (VOCs), and polychlorinated dibenzo-p-dioxins (PCDDs) and polychlori-
nated dibenzofurans (PCDFs) were sampled using ground-based and aerostat-lofted
platforms for determination of emission factors. The PM2.5 emission factors ranged from 14
to 47 g/kg biomass, up to three times higher than previously published studies. The
biomass type was the primary determinant of PM2.5, rather than whether the emission
sample was gathered from the laboratory or the field and from aerial- or ground-based
sampling. The BC and BrC emission factors ranged from 1.2 to 2.1 g/kg biomass and 1.0
to 1.4 g/kg biomass, respectively. A decrease in BC and BrC emission factors with
decreased combustion efficiency was found from both field and laboratory data. VOC
emission factors increased with decreased combustion efficiency. No apparent differences in averaged emission factors were
observed between the field and laboratory for BC, BrC, and VOCs. The average PCDD/PCDF emission factors ranged from
0.06 to 4.6 ng TEQ/kg biomass.


■ INTRODUCTION
Prescribed forest burns are used to avoid wildfires and keep
ecological sustainability to maintain ecosystem habitats for
animal and plant species. Wildfires and prescribed forest burns
generate a complex mix of emissions, and some of the major
pollutants are particulate matter (PM) such as PM2.5 (PM with
an aerodynamic diameter less than or equal to 2.5 μm), black
carbon (BC), brown carbon (BrC), carbon dioxide (CO2),
volatile organic compounds (VOCs), and semivolatile organic
compounds (SVOCs) such as polychlorinated dibenzo-p-
dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs). Measurement of pollutant emission factors allows
prediction of exposure and possible harm to human health and
the environment, and use in emission inventory calculations.
However, obtaining emission factors from wildfires and
prescribed forest burns is difficult. Proper distances must be
maintained for personnel and equipment safety while at the
same time the sampling equipment must be close enough to the
source to obtain detectable emission levels. This also raises
questions of representativeness, as the less hazardous
smoldering phase of the fire may be disproportionately
sampled, particularly by close-proximity ground-based sam-
pling. These challenges, together with the relatively high costs
for measuring emissions from field forest burns, suggest
possible advantages to conducting laboratory burn simulations
for emission sampling. However, the laboratory burns may have
questions of representativeness, as only a small fraction of


biomass can be burned compared to the field burns and the
differences in their underlying fuel beds.
Target pollutants from forest burns are selected based on


their health, environment, and climate effects. PM2.5 is a criteria
pollutant regulated by the U.S. EPA due to its health effects.
When inhaled, PM2.5 can enter the lungs, potentially carrying
metals and other toxic pollutants which can cause adverse
health effects. PM2.5 can also cause decreased visibility in the
form of haze. According to the U.S. EPA’s National Emissions
Inventory (NEI),1 12% and 17% of the PM2.5 emissions in the
U.S.A. (2008) were emitted from prescribed forest burns and
wildfires, respectively, making forest burns the largest source of
PM2.5 emissions in the U.S.A. This can be compared to 9.2% of
PM2.5 from transportation sources.1 The southeastern part of
the U.S.A. is responsible for 26% of the PM2.5 emissions from
forest burns.1 However, only limited and varied emission factor
data are available from this area. A small-scale laboratory forest
burn study of mixed biomass species from South Eastern U.S.
had an average PM2.5emission factor of 9.9 g/kg biomass.2


While two other small-scale laboratory forest burn with biomass
species from North Carolina (NC) and Florida (FL) showed
higher emission factors, and average of 20−22 g/kg biomass.3,4
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These emission factors are higher than the emission factors
found from airborne,5 tower based,6 and ground based7 field
measurements at prescribed forest burns from South Eastern
U.S. (11 g/kg biomass, 14 g/kg biomass and 9−16g kg/
biomass), which in turn is ten times higher than the emission
factors found from ground based sampling from prescribed
burning in Georgia (0.90 g/kg biomass).8


Black carbon is an efficient light-absorbing aerosol in the
infrared (IR) spectrum known to be a major contributor to
global climate change.9 Brown carbon is defined as light-
absorbing organic matter aerosols from various sources found
in the ultraviolet (UV) spectrum,10 which is starting to get
more attention as a possible contributor to global warm-
ing.10−12 Only a few BC emission factors from wildfires and
prescribed forest burns have been reported. Kondo et al.13


reported values of 180 ng/m3 BC/ppm CO2 or 0.11 g BC/kg
biomass consumed (using a biomass carbon fraction of 0.50)
for boreal forest fires while others have reported values of
0.37−0.66 g/kg biomass14,15 for savanna and tropical forest
burns. In the absence of BC emission factors, elemental carbon
(EC) and PM2.5 data are usually used to calculate/estimate BC
inventories. Elemental carbon is batch-sampled onto a filter and
measured by thermal-optical transmission techniques,4 whereas
BC is measured continuously with an optical technique such as
an aethalometer, which records changes in the optical light
attenuation on a disposable filter. A number of studies have
reported EC emission factors from wildfires and prescribed
forest burns in Brazil,16 Africa,17 Georgia (U.S.),8 and
Portugal18 as well as laboratory small-scale biomass burns
with biomass species from South Eastern U.S..2−4 These
emission factors ranged almost 2 orders of magnitude, from
0.035 to 1.5 g EC/kg biomass consumed, with no difference
between field and laboratory emission levels.
The majority of the compounds on the U.S. EPA’s list of


hazardous air pollutions (HAPs) are VOCs.19 Some of the
VOCs such as benzene, 1,3-butadiene, and acrolein are toxic to


humans, while others such as xylene, toluene, and 1,2,4-
trimethyl benzene can form fine PM and ground level ozone
which is a criteria pollutant tied to respiratory ailments.20 The
NEI estimated that 9.6% and 16% of VOC emissions in the
U.S.A (2008) were emitted from prescribed forest burns and
wildfires, respectively, of which 23% originate from the
southeastern U.S.A. Only a limited number of forest burn
VOC emission factors from the HAP list are available in the
literature. The few VOC emission factors are derived from
different biomass sources and vary considerably, i.e., the
benzene emission factor was 0.18 g/kg biomass from African21


savanna forest burns, 0.65 g/kg biomass from laboratory burns
of Brazil tropical forest species,22 2.2 g/kg biomass from pine
dominated forest burns in GA (U.S.),8 and 0.28−0.80 g/kg
biomass from prescribed burns in SC (U.S.). Yokelson et al.22,23


studied VOC emissions from field and laboratory burns of
Brazilian tropical forest biomass, finding higher benzene
emission factors from the laboratory study than from the
field study.
PCDDs/PCDFs are recognized as toxic, bioaccumulative,


and persistent in the environment. Combustion sources such as
open burning of biomass have been identified as the major
source of global PCDDs/PCDFs.24 However, emission factor
data, such as from prescribed field forest burning and laboratory
forest burns, are limited and of broad range,25−27 from 0.55 to
25 ng toxic equivalent (TEQ)/kg biomass. Only one of these
studies compared emission factors derived from the field with
laboratory measurements, finding no difference.27


This study aimed to obtain emission factors from prescribed
forest burns and compare these to emissions obtained from
small-scale laboratory burns using the same biomass source.
Field measurements were conducted via either aerial-based
measurements to achieve proportional emission sampling from
both flaming and smoldering phases, or ground-based measure-
ments at three different locations in the southeastern part of the
U.S. The same sampling equipment was used for both field and


Table 1. Analytes, Instrumentation, And Methods


analytes instrument/sampling method mode
sampling
period/rate analyses


black carbon AE51a continuous every
second


measures the light attenuation in aerosols accumulated onto a
quartz filter at the infrared wavelength of 880 nm


black carbon AE52a continuous every 10 s see above, IR 880 nm
brown carbon AE52a continuous every 10 s measures the light attenuation in aerosols accumulated onto a


quartz filter at the ultraviolet wavelength of 370 nm
PM1, PM2.5, PM7, PM10
and TSPi


Aerocet 531b continuous every 2 min light-scattering laser photometer


PM2.5
j DustTrak 8520c continuous every


second
light-scattering laser photometer


PM2.5 Impactord, 47 mm Teflon filter
(pore size 2.0 μm)


batch constant 10
L/minh


gravimetric, method procedures in 40 CFR part 5031


PCDD/PCDF Quartz filter/PUF/modified U.S.
EPA Method TO-1332


batch 850 L/min HRGC/HRMS


VOC Summa Canister/U.S. EPA
Method TO-1533


batch ∼ 2 min GC/LRMS, U.S. EPA method TO-1533


CO, CO2 Summa Canister/U.S. EPA
Method TO-1533


batch ∼ 2 min GC, U.S. EPA method 25C34


CO2 LICOR-820e continuous every
second


non-dispersive infrared (NDIR)


CO RC01000Ff semicontinuousk every
second


electrochemical oxidation of CO, range of 0−1000 ppm


ambient pressure,
elevation, and location


MTi-Gg continuous every
second


global position system, attitude and heading reference system
(AHRS), static pressure sensor


aAethlabs, U.S. bMet One Instruments Inc., U.S. cTSI Inc., U.S. dSKC Inc. U.S. eLICOR Biosciences, U.S. fTransducer Technology inc., U.S. gXsens,
Netherlands. hLeland Legacy pump, SKC Inc., U.S.). iused in FL and NC. jUsed in SC. kResponse time: 20−30 s.


Environmental Science & Technology Article


dx.doi.org/10.1021/es402101k | Environ. Sci. Technol. 2013, 47, 8443−84528444







laboratory measurements to avoid method differences. A
comprehensive list of pollutants was simultaneously collected
to allow for intercomparisons.


■ EXPERIMENTAL SECTION
Three field sampling campaigns of prescribed forest burns were
conducted at three different locations of the southeastern part
of the U.S.: (1) Eglin Air Force Base (February, 2011), located
on the northwestern part of Florida (FL) on the Gulf of Mexico
coast; (2) Marine Corps Base Camp Lejeune (February/March,
2011), located on the Atlantic Ocean coast (east coast) of
North Carolina (NC); and (3) Fort Jackson (October/
November, 2011), located in the central part of South Carolina
(SC) approximately 200 km from the Atlantic Ocean coast.
Two to three different areas were burned on separate days for
each location. Combustible biomass was collected at each of the
locations and brought back to the U.S. EPA’s open burn test
facility (OBTF) in Research Triangle Park, NC, for small scale
burn tests.
Aerial and Ground-Based Sampling Methods. A 4.3 m


diameter tethered aerostat (Kingfisher Model, Aerial Products
Inc., U.S.) was used as an aerial sampling platform and an all
terrain vehicle (ATV) was used as a ground sampling platform
(Supporting Information (SI) Figure S1). The helium-filled
aerostat and the ATV carried duplicate sampling instrumenta-
tion packages, each termed the “Flyer” (SI Figure S2). The
ground based platform transported the Flyer on a stand
attached on the back of an ATV at an approximate height of 2.5
m above ground level. Emission sampling was not performed
while in transport to avoid gasoline fumes from the exhaust.
The aerostat sampling method has been described in detail
elsewhere.28,29 In summary, the aerostat lofts the Flyer into
plumes and is maneuvered by a tether attached to a remote-
controlled winch on an ATV. For the NC study, data were
recorded every second onto an on-board stand-alone data
logger (HOBO U12−013, Onset Computer Corporation,
U.S.). For the FL and SC studies, the Flyer was updated with
an onboard USB-based data acquisition (DAQ) card (Measure-
ment Computing USB-2537) controlled by an on-board
computer running a LabView generated data acquisition and
control program. This update also included a ground-based
computer used to view data in real time and control the
sampling via a wireless remote desktop connection. The
computer data were logged at a rate of 10 Hz. Additionally, to
avoid dilution of samples when not in the plume, the batch
samplers were automatically turned on and off by a carbon
dioxide (CO2) “trigger” at a user-set plume concentration.
Instrumentation. For these sampling efforts, the Flyer was


equipped for continuous measurement of CO2, BC, and particle
size distribution, semicontinuous measurement of CO, and
batch sampling of PM2.5, VOCs, and PCDD/PCDF (Table 1).
The CO2 was measured at a range set to 0−4500 ppm and
underwent three-point calibration for CO2 on a daily basis
according to U.S. EPA Method 3A.30 The CO2 unit (Table 1)
had an accuracy of less than 3% of reading, a precision of 1 ppm
and a response time of one second. CO was measured using an
electrochemical sensor with a response time of 20−30 s. The
long response time of the sensor precluded its usefulness in the
field, where concentrations could vary significantly in less than
1 s. The CO sensor underwent a three-point calibration before
use according to U.S. EPA Method 3A.30 The PCDD/PCDF
sampler used a 48 V (DC) Windjammer brushless direct
current blower (AMETEK Inc., U.S.) resulting in a nominal


sampling rate of 0.85 m3/min. Flow rate was measured by a 0−
622 Pa pressure differential transducer (Setra, Model 265, U.S.)
across a Herschel Standard Venturi tube with a throat and
upstream diameter of 31 and 45 mm, respectively. The pressure
differential voltage equivalent was recorded on the onboard
computer or HOBO data logger and calibrated with a Roots
meter (Model 5M, Dresser Measurement, U.S.). The Flyer on
the aerostat was run on a 48 V 10 Amp-h Li-ion rechargeable
battery, which has a battery capacity for approximately one
hour of PCDD/PCDF sampling. The ground-based Flyer was
run with four 12 V 75 Amp-h in series deep cycle marine
batteries with approximately 4−5 h of sampling. Summa
canisters were equipped with an electronic solenoid valve,
pressure transducer, and a frit filter. All instruments were time-
synchronized each day.


Analyses. The PCDD/PCDF samples were extracted and
cleaned up by a modified U.S. EPA Method TO-9A35 and
analyzed using high resolution gas chromatography/high
resolution mass spectrometry (HRGC/HRMS).36 Trip and
field blanks were collected and analyzed for PCDD/PCDF.
Quantities of raw biomass, 202, 183, and 51 g from NC, FL,
and SC, respectively, were Soxhlet-extracted using U.S. EPA
Method 354037 and spiked and analyzed for PCDD/PCDF
according to U.S. EPA Method TO-9A.35 The 2005 World
Health Organization (WHO) 2005 toxic equivalent factors
(TEFs)38 were used to determine the PCDD/PCDF TEQ
emission factors. Not all TEF-weighted PCDD/PCDF
congeners were detected in all samples. The congeners that
were not detected (ND) were set to zero in the text but SI
Tables S1−S3 show the PCDD/PCDF values both at ND = 0
and ND = limit of detection). All data were normalized to 1
atm and 21.1 °C and background-corrected by subtracting
ambient air concentrations. Values of the raw biomass for
PCDD/PCDF content were normalized using the raw carbon
fraction of each biomass (SI Table S1).


Biomass. The major species in FL and SC were Longleaf
Pine (Pinus palustris), Turkey Oak (Quercus laevis), and Sand
Live Oak (Quercus geminata), while the NC biomass consisted
of Loblolly Pine seedlings (Pinus taeda), Red Bay (Persea
borbonia), Inkberry (Ilex glabra), and Red Maple (Acer
rubrum). The SC burn sites had not been burnt in the last
50 years and were considered “unmanaged” stands with the
expectation that their burns would more represent behavior of
an uncontrolled fire.
Combustible biomass was collected from a 9.1 × 9.1 m2 area


at all three locations and transported to the OBTF at U.S. EPA,
RTP, NC, for burn testing within seven days. The biomass from
each of the locations (approximately 30 to 60 kg) was divided
by standard cone and quarter methods for ultimate (SI Table
S1) and PCDD/PCDF analyses in the unburnt biomass and for
combustion testing in the OBTF. Three replicate OBTF tests
were each comprised of multiple, sequential 1.4−1.5 kg
biomass charges at the same area density as in the field.


Field Burn Description. Solely the aerostat-based sampling
method was used in the FL and NC studies, while only the
ground based sampling platform was used in SC due to airspace
restrictions. Aerostat sampling was conducted downwind of the
prescribed burn areas on the borderline of the burn area along
an open field or a road. The average aerostat sampling altitude
was higher for the FL burns (115 m, maximum 327 m) than for
the NC burns (13 m, maximum 46 m) due to plume rise. The
ground-based sampling equipment was approximately 2 m
above ground level at all times. Ground-based sampling at SC
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was performed downwind of the burn area on firebreak roads.
Two simultaneous Flyer samples were combined for two of
three sampling days in SC to obtain detectable PCDD/PCDF
levels. The SC burns were presupposed to be of higher
intensity than those in FL and NC since the forest had no
history of prescribed burn treatment.
Open Burn Test Facility. A 70 m3 enclosed OBTF,


described in detail elsewhere,39 was used for simulating
prescribed forest burns (SI Figure S1). The OBTF was
equipped with a high-volume blower that pulls ambient air into
the OBTF. This blower and small fans located inside the facility
ensured complete mixing and oxygen concentrations close to
ambient. Burn tests were performed 6−7 days after biomass
collection at the same area density as found in the field. Because
the small charge sizes used in the OBTF do not necessarily
provide sufficient mass of PCDD/PCDF emissions to avoid
nondetectable congeners, emissions from multiple charge burns
were composited to obtain a single measurement. The biomass
charges were burned one after the other; a new charge was
loaded when the CO2 concentration decreased to approx-
imately 500 ppm. The small burn charges were used to mimic
the field area density and keep the temperature inside the
facility below 50 °C around the sampling equipment to avoid
overheating Flyer electronics and the sampling media. The
burns were performed on an aluminum-foil-covered steel plate,
and the aluminum foil was replaced before each burn test.
The same sampling instrumentation was used in the OBTF


as in the field. The Flyer was placed inside the facility near the
air exit duct. For the SC biomass burn tests, two PCDD/PCDF


samples were collected simultaneously using two Flyers. Two
postburn OBTF ambient air background samples were
collected for a total of 5−10 h inside the uncleaned OBTF
over three separate days.


Calculations. The concentration ratios of the cosampled
target analytes and the CO2 above ambient levels (ΔCO2)
(plus Summa canister ΔCO for VOCs) were used to derive
emission factors according to the carbon mass balance
approach.40 Emission factors are expressed in terms of pollutant
mass per mass of biomass, where the latter indicates the mass of
biomass consumed by the fire. The carbon mass balance
assumes that all combusted carbon in the biomass is emitted to
the atmosphere as CO2, CO, methane, and total hydrocarbons
(THCs), and that the carbon and pollutants are completely
mixed in the plume. Calculations from a previous forest
laboratory burn study show that 90−99.6% of the total carbon
emitted (sum of CO and CO2) was CO2


4 and that THC
concentration was 2−4 times lower than the CO concentration.
Thus, carbon concentrations from CO and THC were minimal
and only CO2 measurements were needed to approximate the
total mass of carbon emitted. Neglecting CO and trace VOCs
could have an approximate 10% effect on the emission factor, a
value within the total error of the method and likely the
reproducibility of the event. The biomass composition carbon
fractions (Fc) in the preburned/raw biomass (SI Table S1)
were then used to calculate emission factors (EFs) by
multiplying Fc with the mass of analyte per mass of carbon.
The semicontinuous CO measurements acquired from the


Table 2. Resultsa


aOBTF − Open burn test facility, FL − North West Florida, NC − East North Carolina, SC − Central South Carolina, NM − not measured, FR −
Failed recovery (recovery under method limits). bLimit of detection values within parentheses for those samples with not detected congeners.
cComposite sample from two field days. dParallel sampling of PCDD/PCDF - two PCDD/PCDF samples collected during the same time. eAll
OBTF emission factors shown in SI Table S10.
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OBTF tests were used only to calculate the modified
combustion efficiency (MCE), (ΔCO2/(ΔCO2 + ΔCO)).
The VOC samples were unique in that the summa canister


data provided both CO2 and measurable CO concentrations,
allowing emission factors to be assigned to flaming and
smoldering modes by calculating the MCE, where the flaming
mode has a MCE > 0.95 and the smoldering mode has a MCE
< 0.90.
Custom correction factors for the continuous measured PM


were derived as by manufacture instruction to improve the
measurement accuracy from prescribed forest burns. These
correction factors were conducted by dividing the average
continuous PM2.5 concentration by the PM2.5 by filter
concentration during the same collection time (for each
collected filter). The average correction factor for the DustTrak
8520 and the Aerocet 531 was 2.0 ± 0.56 and 6.3 ± 2.2,
respectively.
The black carbon data were postprocessed for noise using an


optimized noise-reduction averaging algorithm program.41 No
correction for particle loading on the filters was made since the
BC concentration did not change with an increased light
attenuation value (ATN) reported from the AE51 and AE52.


■ RESULTS AND DISCUSSION
Nine prescribed burns were sampled at three separate locations
as well as companion laboratory burns with site-gathered
biomass. At the field sites, aerial, ground-only, or both aerial-
and ground-based sampling were conducted as site constraints
allowed (Table 2).
Particulate Matter. The continuous PM2.5 and CO2


concentrations were highest for the ground-based field
sampling in SC and lowest for the aerostat-based sampling in
FL (SI Figure S3) likely due to the comparative proximity of
the ground-based sampler to the source. The average PM2.5
emission factors from the three different field burn locations
and the OBTF, derived from the ratio of the PM mass to the
carbon collected as CO2, ranged from 14 to 47 g/kg biomass
(Figure 1). These emission factors are mostly higher than


previously reported from prescribed and wildfire forest burns in
the U.S., Portugal, and Mexico at 0.66−16 g/kg bio-
mass,5−8,42,43 but overlapping those from previous OBTF
forest burns of different biomass types, 11−34 g/kg biomass.4


A 3-fold difference in average PM2.5 emission factors was
observed between the three field values. Field and correspond-
ing OBTF PM2.5 emission factors were quite similar, also


showing a 3-fold range. ANOVA analyses were performed on
twenty-one OBTF and fifteen field PM2.5 samples from the
three field burn locations. No statistical differences (α = 0.05)
were observed between PM2.5 emission factors derived in the
field and the OBTF, suggesting the adequacy of the laboratory
simulation. A statistical difference between the OBTF-derived
emission factors was found between FL and both SC and NC.
The field-derived emission factors were only statistically
different between the FL and SC biomass sources. These
results indicate that it is the biomass composition itself rather
than the laboratory-versus field-based sampling distinctions that
drive the PM2.5 emission factor levels. As none of the testing
afforded opportunities for both aerial and ground based
sampling, future research should compare emission factors
derived from simultaneous use of both of these methods.


Black and Brown Carbon. The field and OBTF average
BC and BrC emission factors ranged from 1.2 to 2.1 g/kg
biomass and 1.0 to 1.4 g/kg biomass, respectively (Figure 2).


These BC emission factors are generally higher than previously
reported for forest burn EC and estimated BC emission factors
of 0.035−1.3 g/kg biomass3,4,8,16−18 and 0.37−0.66 g/kg
biomass,14,15 respectively. The BC emission factors determined
here are in the same range as medium-and high-duty diesel
trucks 0.92−2.340,41,44,45 g/kg fuel.40,41 ANOVA analysis
showed a slight difference (F = 5.33) in BC emission factors
between the SC OBTF and its corresponding field data but not
for the FL and NC field versus OBTF data. There were
statistical differences in OBTF BC emission levels for the NC
biomass with those from FL and SC, but no such differences
were observed for the field data.
Figures 3A and B show time-resolved BC, BrC, ΔCO2,


ΔCO, and MCE concentrations and emission factor data,
respectively, for a representative OBTF burn of SC biomass. All
data reach a rapid peak at the onset of combustion. As the
emission factor data are mass-loss-normalized (Figure 3B), the
initial peaks indicate that the early onset emissions are
proportionately higher than subsequent emissions. The early
peak BC and BrC emission factors are more than 2 to 10 times
higher, respectively, than their whole-run averages, indicating
that fire intensity characteristics have a significant impact on
emissions. The BC and BrC concentrations decline exponen-
tially with the MCE and time or as the ΔCO2 concentration


Figure 1. PM2.5 emission factors from field and OBTF forest burns for
three different biomass sources: northwestern Florida (FL), the North
Carolina east coast (NC), and Central South Carolina (SC). Error bars
denote one standard deviation (NC, SC) or range of data (FL).


Figure 2. Black and brown carbon emission factors from the three
biomass sources, northwestern Florida (FL), North Carolina east coast
(NC), and Central South Carolina (SC), sampled in the field and in
the OBTF. Error bars denote one standard deviation (SC) or range of
data (FL, NC).
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decreases (Figure 3A). The OBTF laboratory data (Figure 3B)
show an exponential decrease in BC and BrC emission factors
with a decrease in MCE and also reveal that while the BC and
BrC concentrations are low at the start of a burn, the MCE is
the highest (Figure 3A).
Figure 4A,B shows the comparable BC, BrC, CO2, and CO


concentrations and emission factor data, respectively, for the
field tests at SC. The concentration data show predictably more
fluctuation than the OBTF data (Figure 3A) as the former is
subject to turbulent mixing while the latter is a well-stirred
scenario. MCE values from the Summa canister CO and CO2


grab samples were compared to the same-time BC and BrC
values (Figure 4C,D). A linear trend between BC and BrC
emission factors with MCE is observed, with higher values at


the start of a field burn. The higher BC and BrC emission
factors at higher MCE values suggest that more intense forest
burns with higher fuel burn rates, such as occur during wildfires,
may result in greater releases of BC and BrC than during
prescribed burning. Additional scatter plots are available in SI
Figure S4.
The paired BC to PM2.5 mass percentages for the field and


OBTF, respectively, were FL: 18% (±6.6%) and 8.4% (±3.4%);
NC: 8.4% (±3.2%) and 7.7% (±2.3%); and SC: 3.4%
(±0.71%) and 3.3% (±1.2%). The BrC/PM2.5 mass fractions
at SC for the field and OBTF were 3.1% (±2.0%) and 2.3%
(±0.79%), respectively. These BC/PM2.5 mass percentages
from NC and FL are higher than the EC/PM2.5 mass
percentages found in the U.S. EPA SPECIATE version 4.346


Figure 3. A: OBTF samples of continuous (10 s average) ΔCO2, ΔCO, black carbon (BC), and brown carbon (BrC) concentration traces versus
time and modified combustion efficiency (MCE); B: OBTF time- and MCE-resolved BC and BrC emission factors with ΔCO2 and ΔCO
concentrations.


Figure 4. Continuous (10 s average) ΔCO2, BC, and BrC concentration traces (A) and BC and BrC emission factors with ΔCO2 (B) from a
representative SC field emission sampling episode. Scatter plots of BC and BrC concentrations vs MCE (D), and average BC and BrC emission
factors vs MCE (C) during summa canister sampling in SC.
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database (source category = forest fires) of 1.2−4.5% (ID
4463−44684) which were derived from laboratory (OBTF)
tests, while the SC ratios are similar to those in SPECIATE. A
similar EC/PM2.5 percentage, 3.9%, was found from prescribed
burning conducted in Georgia (USA).8 The higher ratios found
in our work seem to be due to higher BC rather than EC
emission factors levels, given the similar PM2.5 emission factors
discussed above. This difference could be due to the different
sampling methodslight-scattering (BC) in this study versus
thermal/optical transmission (EC) in Hays et al.4 These
differences suggest the need for a comparative investigation of
parallel BC and EC measurements from combustion sources.
VOC. Ten field and six OBTF summa canister samples were


taken for VOC determination for the NC and SC campaigns
(canister samples at FL could not be taken due to weight
restrictions on the aerostat). Acrolein, benzene, vinyl acetate
(on the U.S. EPA’s hazardous air pollutant list), and propene
had the highest emission factors (425−380 ug/g biomass) of all
VOCs analyzed (Table 3). The sixteen VOC samples were
divided according to MCE resulting in 1−2 samples in each
MCE category (Table 3). The SC field results had no samples
with MCE >0.95, likely due more to the limitations of ground-
only sampling than distinctions in the combustion character-
istics of this unmanaged site. No apparent differences were
observed between field and OBTF samples for the different
MCE categories, although more replicates would be needed for
a robust statistical analysis. A trend in decreased VOC emission
factors with increased MCE was found when all of the collected
samples were correlated (see SI Figure S5 for four VOCs). The
average field emission factor for acrolein was 350 μg/g biomass,
which was in the same range as that for open burning of
municipal waste, 310 μg/g biomass,47 and prescribed burning in
SC 323−472 μg/g biomass,48 but lower than that found from
tropical forest fires, 960 μg/g biomass.22 The 1,3-butadiene had
an average emission factor from both field and OBTF of 310 ±
182 μg/g biomass, higher than reported from previous
prescribed and wild forest burns in the U.S.5,8 and Mexico49


(67−100 μg/g biomass) and from Mexican crop residue fires
(114 μg/g biomass43) yet similar to open burning of municipal
waste (300 μg/g biomass47) and prescribed burning of SC
forest (110−240 μg/kg biomass48). Some other individual
VOCs, such as benzene and α-pinene, were in the same range
as emission factors from prescribed forest burning in Georgia,
U.S.8 All VOCs analyzed are shown in SI Tables S8−S9.
PCDD/PCDF Emissions. The average PCDD/PCDF


emission factors from the three different biomass sources and
both field (N = 5) and OBTF (N = 7) testing ranged from 0.06
to 4.6 ng TEQ/kg biomass (ND = 0, Table 2 and SI Tables
S2−S4). Emissions exceeded the level anticipated from
volatilization of PCDD/PCDF in the raw biomass (Figure 5),
which indicates that formation occurs during combustion rather
than due to evaporation from the green biomass.
These emission factors are on the lower range of similar


OBTF and field studies with U.S. forest biomass at 0.40−25 ng
TEQ/kg biomass25−27 (the lowest emission factor, 0.06 ng
TEQ/kg biomass, was obtained from an OBTF sample burning
NC biomass with only 6 of 17 TEF congeners detected). The
range of emission factors derived herein overlap those of
residential wood heating appliances such as wood heaters (0.39
ng TEQ/kg),50 wood stoves (0.25 ng TEQ/kg),51 and
fireplaces (0.88 ng TEQ/kg).51


To discern potential emission factor differences between
aerial- and ground-based field samples, more simultaneous


aerial- and ground-based sampling is necessary. The field
samples were of limited number and, for the aerial samples,
consisted of one single composite (FL) sample from two
different burn days with 14 of 17 TEF congeners detected and
two replicates (NC) with only 4 and 6 of 17 TEF congeners
detected. Further, none of the aerial and ground samples were
taken from the same fire.
The PCDD/PCDF emission factors showed similar levels


between aerial measurements in the field and OBTF samples
for each of the biomass sources (FL and NC), except for the
SC ground-based field and OBTF measurements, as shown in
Figure 5. The emission factors from the three SC ground field
samples showed an increase of up to seven times from the first
to last sample (0.68, 2.2, and 4.6 ng TEQ/kg biomass),
reflecting the qualitative observations of increasing smoke
thickness throughout the campaign (Table 3). In addition, the
total PCDD to PCDF and PCDD TEQ to PCDF TEQ mass
ratios in these samples increased with increased emission factor
levels (SI Tables S4 and S7). A higher emission factor and a
greater PCDD TEQ to PCDF TEQ ratio during smoldering
versus flaming stages was found in an earlier study by Gullett et
al.26 burning standing trees in EPA’s OBTF. Thus, the two
higher emission factors derived from the SC field study (2.2
TEQ/kg biomass and 4.6 ng TEQ/kg biomass) may be due to
sampling a larger portion of the smoldering stage rather than
the flaming stage. The SC OBTF emission levels (average 0.32
ng TEQ/kg biomass) and PCDD/PCDF ratios (1.2) are also
similar to the initial SC ground-based field sample (0.68 ng
TEQ/kg biomass), which suggests the difficulty of collecting a
representative PCDD/PCDF sample from ground- rather than
aerial-based sampling.
The slight emission level difference between FL and SC


biomass from the OBTF could be due to chlorine content in
the fuel 645 ppm and 111 ppm, respectively (Table 2 and
Figure 5), which is in agreement with a OBTF biomass study
showing that increased chlorine content in the fuel increases
the PCDD/PCDF emissions.39 The PCDD/PCDF ratio was
also higher in the FL OBTF samples (5.7 ± 1.7) than the SC
biomass samples (1.2 ± 0.2), which is in agreement with a
laboratory study showing that an increased chlorine content in
the fuel enhances the formation of PCDDs over PCDFs.52


More definitive conclusions regarding the effect of biomass


Figure 5. PCDD/PCDF emission factors from three different
locations on the eastern part of the USA: northwestern Florida
(FL), the North Carolina east coast (NC), and Central South Carolina
(SC). ND, not detectable congeners; LOD, limit of detection.
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chlorine content versus combustion quality on PCDD/PCDF
emission levels and ratios requires further study.
Octa-CDD was the most prevalent homologue of the PCDD


homologues in all the collected samples, with the exception of
the OBTF test of the NC biomass that had several nondetect
congeners (SI Tables S5−S7). The PCDD homologue profiles
exhibit higher homologue concentrations with increasing
chlorination level, similar to previous OBTF results26 from
burning standing pine trees. The PCDF homologue profiles
followed the opposite trend (SI Tables S5−S7): lower
homologue concentrations with increasing chlorination level,
consistent with earlier results26 (except for SC day 3 field
sample which had Hepta-CDF as the most prevalent congener).
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ABSTRACT: Emissions from open burning of simulated military waste from forward
operating bases (FOBs) were extensively characterized as an initial step in assessing
potential inhalation exposure of FOB personnel and future disposal alternatives.
Emissions from two different burning scenarios, so-called “burn piles/pits” and an air
curtain burner/“burn box”, were compared using simulated FOB waste from municipal
and commercial sources. A comprehensive array of emissions was quantified, including
CO2, PM2.5, volatile organic compounds (VOCs), polyaromatic hydrocarbons (PAHs),
polychlorinated dibenzodioxins and -furans (PCDDs/PCDFs), polybrominated
dibenzodioxins and -furans (PBDDs/PBDFs), and metals. In general, smoldering
conditions in the burn box and the burn pile led to similar emissions. However, when
the burn box underwent periodic waste charging to maintain sustained combustion,
PM2.5, VOCs, and PAH emissions dropped considerably compared to smoldering
conditions and the overall burn pile results. The PCDD/PCDF and PBDD/PBDF
emission factors for the burn piles were 50 times higher than those from the burn box likely due to the dominance of smoldering
combustion in the burn piles.


■ INTRODUCTION


Military operations at forward operating bases (FOBs) generate
significant amounts of solid waste, requiring field-expedient
methods to dispose of the waste with minimal risk to personnel
and the environment. The U.S. Department of Defense (DOD)
estimated that 3.6−4.5 kg of waste is generated per day per U.S.
soldier deployed at FOBs, or about 90 000−180 000 kg of
waste per day for an FOB such as at the previously used Balad
Air Base, Iraq.1 A common solution has been the use of open
burning on site to reduce the waste volume. Typically this has
involved open burning in piles, rows, or holes in the ground
(so-called “burn pits”). While eliminating the risk of travel
outside of the FOB for disposal operations (i.e., backhauling),
personnel near the burn site may be exposed to the emissions
from the burning piles/pits. Concern has been raised that these
emissions contain toxics which may present airborne inhalation
hazards and result in an adverse effect on personnel health.2 A
recent study indicated that military deployers have increased
rates of reported respiratory symptoms, with “significant
associations with deployment location that were more strongly
noted among persons deployed exclusively to Iraq,” and that
“inconsistency in risk for new-onset respiratory conditions and
cumulative exposure time by service branch strongly suggests
specific exposures, rather than deployment in general, as
determinants of post-deployment respiratory illness”.3 Further,
the 2008 Enhanced Particulate Matter Surveillance Program
Final Report lists burn pit smoke as one of the three primary air


pollutant types.4 Also, the 2008 health risk screening report
from U.S. Army Center for Health Promotion and Preventive
Medicine (now the U.S. Army Institute for Public Health) and
Air Force Institute for Operational Health (now the U.S. Air
Force School of Aerospace Medicine) includes Defense Health
Board comments indicating strong interest in multivariate
correlations between exposures and health effects, and
relationships between personnel location and exposure.5


More recently, the National Academies of Science Institute of
Medicine (IOM), at the request of the Veteran’s Admin-
istration formed a committee to investigate long-term health
effects of burn pit emissions exposure. Their report concluded
that insufficient exposure data prevented a determination of
whether long-term health effects are attributable to burn pits
and that additional research to characterize exposures is
necessary.1


Emissions of concern from waste burning typically include
particulate matter (PM), volatile organic compounds (VOCs),
polyaromatic hydrocarbons (PAHs), and polychlorinated
dibenzodioxins and -furans (PCDDs/PCDFs). PM is of
particular interest due to the high levels from open burning,
the predominance of the inhalable size fraction, and the ability
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to bear metals and other pollutants with toxic potential.
PCDDs/PCDFs are considered more of an ingestion risk than
an inhalation risk for the general populace6 but the FOB waste
burns present a short source to-receptor path that may increase
the risk of inhalation exposure. Polybrominated dibenzodioxins
and -furans (PBDDs/PBDFs) are likely combustion byproducts
of common items containing brominated flame retardants and
have been highlighted for concern7 and potential dioxin-like
toxicity.8,9 VOCs include a range of compounds that can cause
short or long-term health effects. The majority of the
compounds on the U.S. EPA’s list of hazardous air pollutants
(HAPs) are VOCs.10


In recent years, the U.S. DOD has relied more heavily on
incinerator and similar technologies to improve combustion
quality. An incinerator consists typically of a two-stage burner,
while “burn boxes” that are more commonly found at FOB do
not have secondary combustion systems to promote pollutant
burnout.11 A comparison of emissions from open pile/pit burns
versus those from either burn boxes or incinerators has to our
knowledge not been undertaken.
Historically, emissions from open burning of waste have been


minimally characterized due to a lack of relevance to modern
societies and the hazard imposed to safely and representatively
sample the emissions. Recent research has sampled emission
plumes from various open burns, developing methods to
describe emissions and determine emission factors for some of
the greatest toxics of concern such as PCDDs/PCDFs.12−18


The differences in waste types and the single analyte focus of
these studies, however, limit their relevance to our study.
This work comprehensively characterizes FOB burn pit/pile


and burn box emissions using a simulated FOB waste and
unique methods of open area emission sampling. Emission
factors are calculated as mass of pollutant per unit mass of
burned waste as a first step toward characterizing potential
inhalation risk. Results from the burn pit/pile and burn box are
compared and, where possible, separated into flaming and
smoldering phases to understand best operational practices to
minimize emissions.


■ EXPERIMENTAL METHOD
Six emission tests were conducted over six days with burn piles
and a burn box using two types of waste. The tests were
performed at the U.S. Army’s Tooele Army Depot (TEAD)
Test Range (Utah).


Waste. FOB waste was simulated using both municipal and
depot waste separately. FOB waste composition is highly
variable, but often includes greater percentages of food waste
and packing material than civilian sources.19 However,
comparison of FOB waste surveys19 with published U.S.
municipal waste surveys20 did not show outstanding composi-
tional differences, resulting in use of local waste sources as a
necessary and reasonable compromise to use of actual FOB
waste. On-site characterizations of the waste were conducted at
the TEAD, confirming the appropriateness of the waste
composition as a simulant for FOB waste (Supporting


Table 1. Experimental Matrix and Sampling Times


number of samples/sampling
period (min)


burn no. waste waste weight (kg) sampling platform sampling starta (min) SVOC VOCb PM2.5
c


burn pile 1 municipal 6500 crane 0 1/45 1 1
1 crane 0 1/72 1 1


burn pile 2 municipal 6500 aerostat 0 1/90 1 1/84
2 crane 50 1/72 1 1/10


burn pile 3 depot 3300 aerostat 0 1/81 0 1/82
3 crane 25 1/47 1 0


burn pile 4 municipal 6500 aerostat 0 1/61 1 1/67
4 crane 30 1/39 2 2/14, 8


burn box: batch- 1 municipal 3 × 290 crane 10 1/43 1 1/45
feed 1 4 × 290 crane 80 1/103 1 1/32


1 5 × 290 crane 170 1/84 1 1/91
1 4 × 290 crane 300 1/81 1 1/81


burn box: single-charge 2 municipal 1 × 290 crane 60 1/55 2 2/16, 9
aDuration after waste ignition when the sampling platform was moved into the plume. bThe sampling period was the duration of the Summa can
pressure equilibration, ranging from 1 to 1.5 min. cPM2.5 by filter samples.


Figure 1. Sampling at burn pile (A) and air curtain burner/burn box (B) using a battery operated instrument package (C) termed the “Flyer”.
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Information (SI) Table S1). The municipal waste contained
approximately 10% less cardboard/paper and 10% more food/
diapers than the depot waste. Near-daily deliveries of municipal
waste, with all hazardous materials removed, were combusted
within two days; two deliveries of the depot waste over the test
period were similarly promptly combusted but separately from
the municipal waste.
Burn Pile. Emissions from four different waste burn piles


were collected over four days. Each burn pile consisted of about
approximately 50 m3 (25 × 2.5 × 0.8 m) of waste with a weight
of approximately 6,500 kg (Table 1) based on an assumed bulk
density of 130 kg/m3.21 The waste was piled into rows directly
on the sandy ground (Figure 1). Approximately 8 L of diesel
fuel was applied with a pump sprayer to initiate combustion of
each burn pile, mimicking historical procedures at FOBs. About
5 min after ignition, sampling was conducted for an average of 2
h (Table 1), at which point active flaming combustion had long
since ceased.
Burn Box. The burn box was a McPherson unit (model


M10E) with inside dimensions of 3.0 × 2.7 × 3.0 m and a
stated maximum burn rate of 1200 kg/h. The burn box was
equipped with a diesel driven fan that blows high speed air
through a plenum and nozzle down to the top/surface of the
burning waste creating temperatures between 980 and 1370 °C.
The burn box was ignited following the manufacturer’s
recommended procedures, that is, limited diesel fuel was used
as an igniter on a charge of wood. Emissions from two burn
days were collected while running the burn box in a waste
batch-feed mode to promote sustained flaming combustion and
a single-charge mode to simulate conditions during discontin-
uous waste charging. In the batch-feed mode, the burn box was
started with one charge of wood (only) lasting for 30 min then
waste (approximately 290 kg per charge) was added every 30−
45 min for 3.5 h, and for every 10−20 min for the last 4 h of the
7.5 h run. Sampling commenced within 10 min after waste
charging. The single-charge mode run followed the start up
procedures from the first run but was only charged with waste
once for the entire 2 h run. Emission sampling started 1 h after
the waste charge in order to only characterize smoldering
emissions. Table 1 shows the experimental matrix.
Sampling. Emissions were representatively characterized by


sampling the full extent of the burns, from flaming mode
through smoldering mode. Emission sampling from burn piles
and the burn box was performed using two battery-operated
instrument packages called the “Flyers” (Figure 1). One Flyer
was lofted by a 4.9 m × 3.9 m diameter aerostat and the other
by a 32 m crane. Each method was employed to ensure a
representative sample of the emissions with minimal risk to
personnel and equipment. The burn box was sampled only with
the crane, collecting sequential samples during the burn, with
the Flyer positioned in the combustion gas flow above the open
top of the burn box. Parallel sampling of the burn piles was
accomplished with simultaneous use of both the aerostat- and
crane-lofted Flyers (Figure 1). The aerostat lofted sampling
method and Flyer has been described earlier by Aurell et al.22


Briefly, the aerostat based sampling method consists of a
helium-filled aerostat which is tethered to one or two ground
based vehicles each equipped with an electrically powered and
remotely controlled winch. The Flyer included an on-board
computer running a data acquisition (DAQ) program, and a
wireless transmitter allowing the sampling to be controlled
from the ground. The DAQ program includes “triggers” which
enable emission samplers to be turned on and off at different


carbon dioxide (CO2) levels. The Flyer includes a blower for
sampling of semivolatile compounds, and 48 V rechargeable Li-
ion batteries. In this study the Flyer was equipped for sampling
of CO2 with a continuous gas analyzer (CGA), volatile organic
compounds (VOCs) sampler using a Summa canister (6 L) via
U.S. EPA Method TO-15,23 SVOCs (PCDD/PCDF, PBDD/
PBDF, and PAH) sampler using a polyurethane foam (PUF)/
XAD-2/PUF sorbent, PM2.5 filter sampler, and a PM2.5
continuous real-time sampler (DustTrak 8520). The PM2.5
was sampled using an impactor with 47 mm tared Teflon
filters (2 μm pore size) connected to a pump (Leland Legacy,
SKC) with a constant airflow of 10 L/min. PM2.5 by filter was
sampled as long as the back pressure compensating pump was
able to provide constant air flow and PM2.5 by real-time was
measured during the entire sampling period. The Summa
canisters were equipped with an electronic solenoid valve with a
0.5 μm metal filter enabling sampling for approximately 1−1.5
min over a 7−30 min sampling period. The SVOC sampling
was performed based on U.S. EPA Method TO-13A24 using a
sampler consisting of a cartridge and filter holder mounted on a
Windjammer brushless direct low current blower (AMTEK
Inc.). The sampling rate was approximately 0.65 m3/min and
was measured by differential pressure across a calibrated
Venturi mounted on the outlet of the blower. In addition, the
Flyer also had a global positioning system (GPS) on board for
position, altitude, and atmospheric pressure, and a T-type
thermocouple (Super MCJ, Omega Engineering Inc.) for
ambient temperature mounted at the sampler inlets. All sensor
data and flow rates were logged continuously to the on-board
computer. All sampling equipment was time synchronized
before each test day. The sampling periods were approximately
2 and 1−1.5 h long for burn piles and burn box, respectively.
Sampling was continued until the pressure drop on the SVOC
fan became excessive or until sufficient carbon (as CO2) was
collected to minimize the chance of nondetects on the target
analytes. The plume collection temperature during sampling
was kept below 50 °C for the safety of the electronics on the
Flyers.


Analytical Methods. The PCDDs/PCDFs, PBDDs/
PBDFs, and PAHs extraction, clean up, and analyses were
performed using modified methods of U.S. EPA Method TO-
13A24 and TO-9A.25 The PCDDs/PCDFs and PBDDs/PBDFs
were analyzed by high resolution gas chromatography/high
resolution mass spectrometry (HRGC/HRMS) using a
Hewlett-Packard gas chromatograph 6890 Series coupled to a
AutoSpec Premier mass spectrometer (Waters Inc., UK). A
DB-Dioxin 60-m × 0.25 mm ×0.15 μm column (Agilent/J&W
Scientific) and a DB-5 15 m × 0.25 mm × 0.25 μm column
(Agilent/J&W Scientific) was used for the PCDDs/PCDFs and
PBDDs/PBDFs, respectively. A Hewlett-Packard gas chromato-
graph 5890 5972 ms with a 60 m × 0.25 mm × 0.15 μm
column (Agilent/J&W Scientific) was used to analyze the 16
U.S. EPA PAHs according to U.S. EPA Method 8270D.26


PCDD/PCDF and PBDD/PBDF concentrations were deter-
mined by using the isotope dilution method. The PCDD/
PCDF toxic equivalent (TEQ) emission factors were
determined using the World Health Organization (WHO)
2005 toxic equivalent factors (TEFs).27 All PCDD/PCDF TEF
congeners were detected in all samples. The PCDD/PCDF
TEFs were used to calculate the PBDD/PBDF TEQ based on
the International Programme on Chemical Safety (IPCS) that
suggest using the same TEF analogs for the PBDD/PBDF as
the PCDD/PCDF.28 Almost all 13 PBDD/PBDF congeners
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were detected in all samples (10−13); the congeners that were
not detected (ND) were set to zero (SI Table 6 shows both
ND = 0 and ND = limit of detection). The PAH samples were
spiked preanalysis according to U.S. EPA Method 8270D.26


VOCs were analyzed using U.S. EPA Method TO-1523 by gas
chromatography/mass spectrometry (GC/MS). In addition,
each Summa canister sample was also analyzed for CO2 and
carbon monoxide (CO) by GC according to U.S. EPA Method
25C.29 The PCDDs/PCDFs, PBDDs/PBDFs, PAHs, and
VOCs were normalized to 1 atm, 21.1 °C. The CGA CO2
(LI-COR 820) measurements were performed and the
instrument was calibrated according to U.S. EPA Method
3A.30 The gravimetric weighing of the PM2.5 filters was
performed according to 40 CFR Part 50.31 Metals were
analyzed from the PM2.5 filters using inductively coupled
plasma spectroscopy, following the procedures described in
U.S. EPA Compendium Method IO 3.4.32 The data were
background-corrected by subtracting the ambient air contribu-
tion to the sample although the effect on the concentration
values was minimal.
Calculations. The modified combustion efficiency (MCE),


(ΔCO2/(ΔCO2+ΔCO)), was calculated for each of the VOC
Summa canister samples after correcting for background CO
and CO2. Flaming modes were assumed to be represented by
conditions in which the MCE > 0.90 and smoldering modes for
MCE < 0.90.
The continuous PM2.5 concentration used a correction factor


determined by simultaneous collection of PM2.5 mass on a filter
(averaged continuous PM2.5 concentration divided by PM2.5 by
filter mass). For those runs where no PM2.5 by filter was
collected, an average correction factor from all of the other runs
was applied.
The carbon mass balance approach was used for calculating


emission factors (EFs). This method assumes that all carbon in
the waste is emitted to the atmosphere as CO2, CO, methane


(CH4) and total hydrocarbons (THC), and that the carbon and
pollutants emitted where evenly distributed throughout the
plume. The carbon from CH4 has been shown to amount to
0.6% of the total carbon from CO2, CO, and CH4, during poor
combustion conditions of municipal solid waste incineration.33


In addition, previous waste dump burn studies have shown that
89% of the total carbon (sum of CO2 and CO) was CO2.


12,15,16


In this study only carbon from CO2 was used for calculating the
total mass of carbon sampled. Anticipated minor contributions
from CH4 and THC would not have a significant effect on the
average emission factor. Likewise, CO was expected to have a
relatively minor impact and its measurement was precluded by
the lack of a portable CO monitor that can quickly respond to
the rapid fluctuations in the plume concentrations. The
exception to this CO measurement was the determination of
VOC emission factors, where both CO2 and CO could be
quantitatively sampled and measured from the Summa canister.
All emission factors were expressed as pollutant concentration
per cocollected concentration of carbon burned. These
emission factors can be calculated to pollutant per unit mass
of burned waste by multiplying with an estimated carbon
fraction of 0.50 and 0.42 for the municipal and depot waste
composition (SI Table S1), respectively using carbon fraction
estimations for each component from Liu and Liptaḱ.34


■ RESULTS AND DISCUSSION


Emissions were collected from four different burn piles (each
burn pile having parallel samplers) and two different burn box
burns (sequential samplers). Forty-one SVOC, PM2.5 by filter,
and VOC samples were collected. Results are presented by
pollutant type, comparing burn pile and burn box emission
factors, and further distinguished by combustion efficiency.


VOCs. The VOCs were dominated by styrene, propene, and
benzene, but the emissions also included the toxic compounds
vinyl chloride and 1,3-butadiene (Table 2). The VOC emission


Table 2. VOC Emission Factors in μg/g Carbonburned


burn pile municipal
MCE >0.95


burn pile municipal
MCE <0.90


burn pile depot
MCE >0.95


burn box
MCE >0.95


burn box
MCE <0.90


MCE 0.98 ± 0.013 0.88 ± 0.020 0.98 0.97 ± 0.019 0.89 ± 0.020


propene 520 ± 781 5710 ± 2363 366 472 ± 597 2470 ± 572
chloromethanea 13 ± 19 859 ± 606 22 59 ± 107 337 ± 41
vinyl chloridea 12 ± 11 53 ± 6.6 5.9 7.4 ± 5.1 13
1,3-butadienea 185 ± 299 1492 ± 456 126 134 ± 190 749 ± 62
chloroethanea 5.0 ± 8.4 91 ± 66 1.5 3.1 ± 4.6 21 ± 6.1
acroleina 197 ± 217 1514 ± 124 162 267 ± 279 927 ± 67
acrylonitrilea 43 ± 53 324 ± 77 20 41 ± 34 219 ± 48
carbon disulfidea 3.0 ± 2.6 7.3 1.3 3.4 ± 3.2 6.5
vinyl acetatea 86 ± 106 1376 ± 391 90 157 ± 195 648 ± 92
2-butanone (MEK) 65 ± 97 716 ± 318 57 65 ± 94 394 ± 12
benzenea 521 ± 575 4843 ± 2531 468 486 ± 599 2742 ± 371
methyl methacrylatea 11 ± 17 216 ± 90 2.3 9.4 ± 6.9 65 ± 82
toluenea 219 ± 341 2405 ± 1455 153 175 ± 260 1303 ± 222
chlorobenzenea 6.8 ± 9.8 54 ± 30 2.6 2.4 ± 2.9 12 ± 2.9
ethylbenzene 104 ± 178 1605 ± 1307 77 85 ± 136 772 ± 83
styrenea 567 ± 926 10198 ± 6616 378 512 ± 764 4407 ± 1268
cumenea 7.4 ± 13 119 ± 91 5.0 6.9 ± 11 67 ± 7.2
n-propylbenzene 6.5 ± 11 86 ± 56 3.7 5.1 ± 7.6 37 ± 4.9
1,3,5-trimethylbenzene 6.0 ± 8.2 65 ± 44 2.4 4.7 ± 7.0 20 ± 2.9
1,2,4-trimethylbenzene 6.9 ± 5.8 59 ± 28 4.1 4.5 ± 6.2 28 ± 5.3
xylenea 49 ± 75 469 ± 279 32 41 ± 59 247 ± 36


aIncluded in EPAs list of hazardous air pollutants.10 MCE= Modified combustion efficiency.
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factors were in the same range as found in laboratory
experiments burning simulated FOB waste.35 Burning of
depot waste showed similar VOC emission factor levels as
the municipal waste. No difference between burn pile and burn
box VOC emission levels could be found. The VOC samples
collected from the burn box running in a continuous batch-
feeding mode were associated with a higher MCE 0.97 ± 0.019
(1 STDV) than samples collected in the single-charge mode
0.89 ± 0.018 indicating that a higher level of smoldering
occurred in the single-charge mode.36 The municipal burn pile
VOC samples fell into two classes based on the MCE: flaming
0.97 ± 0.025, and smoldering 0.88 ± 0.020. A significant
difference in VOC emission factors between the two phases was
found for both ACI and burn pile, for example, the benzene
emission factor was 6- and 10 fold higher during smoldering
conditions in both burn scenarios, respectively (Figure 2). All
EPA method TO-15 compounds are shown in SI Table S2.


PAHs. Of the 16 EPA PAHs approximately 50% of the
sampled mass consisted of phenanthrene and naphthalene for
both burn pile and burn box tests. A higher emission factor for
Total PAH was found for each burn pile sample with a delayed
sampling start (Figure 3), suggesting better combustion quality
at the beginning of the burn. The total PAH emission factor for
burn piles (257 ± 101 μg/g Carbonburned) was lower than found
in laboratory tests of simulated FOB waste (803 ± 207 μg/g
Carbonburned).


35 Running the burn box in a continuous batch-
feed mode (42 ± 33 μg/g Carbonburned) resulted in significantly
lower PAH emissions than running the burn box in a single-
charge mode (259 μg/g carbonburned) indicating that more
smoldering occurred during the single-charge mode. During the
continuous batch-feed mode the PAH emission factors also
decreased with time from 73 to 9.5 μg/g Carbonburned (Table 3)
suggesting an increased combustion quality with burn time.
Running the burn box in a continuous mode (BB 1A-D)


Figure 2. BTEX emission factors for burn box and burn piles during smoldering (MCE < 0.90) and flaming (MCE > 0.95) conditions.


Figure 3. Emission factors for Total PAH (16 EPA PAHs).
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reduced the PAH emissions up to 38 times compared to
burning waste in piles. The individual 16 PAH compounds
results are shown in SI Table S3.
PCDDs/PCDFs and PBDDs/PBDFs. The PCDD/PCDF


emissions from the burn box were about 50 times lower than
emissions from burn piles, 0.071 ± 0.048 ng TEQ/g
Carbonburned and 3.4 ± 2.5 ng TEQ/g Carbonburned, respectively
(Figure 4). The burn pile emission factors were four times
higher than reported from a Mexican waste dump burn.12 No
differences in emission levels were found burning municipal or
depot waste in the burn piles, 3.5 ± 3.0 ng TEQ/g Carbonburned
and 3.0 ± 1.2 ng TEQ/g Carbonburned, respectively. The burn
pile emission factors for both municipal and depot waste had
higher emission factor levels than reported in a laboratory study
burning a 10 kg pile of a simulated FOB waste without
polyethylene terephthalate (PET) plastic bottles (0.42 ± 0.30
ng TEQ/g Carbonburned) and with PET bottles (0.056 ± 0.023
ng TEQ/g Carbonburned).


35 Samples collected at the onset of
burning had a 33−61% lower PCDD/PCDF value than those
with delayed collection, implying that the elevated emission
factors could be due to increased smoldering later in the burn,
as shown elsewhere.12 A 46% higher emission factor (sample


BP1B compared to BP1C) was also found when one of two
parallel samplers was continued for an additional 90 min (170
min totally), presumably sampling more of the smoldering
phase. Similar trends were found for tests in which the burn box
was operated in a continuous batch-feed mode, limiting
smoldering and resulting in a 3 times lower PCDD/PCDF
emission factor than the single-charge mode (Figure 4).
The PBDD/PBDF emission factor for the burn box was also


lower than for the burn piles, 0.083 ± 0.12 ng TEQ/g
Carbonburned versus 3.5 ± 5.6 ng TEQ/g Carbonburned (Figure
4). The burn pile emission factors for municipal waste ranged
almost 2 orders of magnitude, from 0.26 to 17 ng TEQ/g
Carbonburned. The lower values are within the range (0.033−
0.61 ng TEQ/g Carbonburned) obtained at a Mexican waste
dump burn.12 However, in our study 10−13 PBDD/F TEF
congeners were detected compared to 2−6 in the Mexican
waste dump burn study, which may be, at least in part, the
reason for the higher values found in this study. An almost 10-
fold lower emission factor was found for the depot waste burn
pile than from the lowest emission factor from a municipal burn
pile (Table 3). Furthermore, the depot burn pile emission
factor was in the same range as burning simulated FOB waste in


Table 3. Emission Factors for PM2.5 by filter, PM2.5 by CEM, PCDD/PCDF, PBDD/PBDF, and Total PAHa


burn
no.


sample
no.


filter PM2.5 mg/g
Cburned


bcontinuous PM2.5
mg/g Cburned


PCDD/PCDF ng WHO-
TEQ/g Cburned


PBDD/PBDF ng WHO-
TEQ/g Cburned


total PAH μg/g
Cburned


burn pile 1 BP1A NS 43 NS NS NS
1 BP1B SO NS 2.6 1.5 166
1 BP1C SO 94 4.8 0.96 241


burn pile 2 BP2A 53 NS 3.4 4.1 219
2 BP2B 80 236 8.7 17 413


burn pile 3 BP3A 11 16 2.4 0.031 86
3 BP3B NS 19 3.6 0.031 95


burn pile 4 BP4A 34 53 0.51 0.26 161
4 BP4B 61 139 1.2 4.7 342
4 BP4C 160 319 NS NS NS


burn box: 1 BB1A 13 13 0.026 0.056 73
batch-feed 1 BB1B 25 14 0.061 0.044 67


1 BB1C 4.3 5.2 0.058 0.025 18
1 BB1D 2.7 3.0 0.055 0.0013 9.5


burn box: 2 BB2A 35 49 0.15 0.29 259
single-
charge


2 BB2B 64 76 NS NS NS


aTotal PAH = 16 EPA PAH. NS, not sampled. SO, sample overloaded. bContinuous PM2.5 sampled for the entire sampling period.


Figure 4. PCDD/PCDF and PBDD/PBDF emission factors in ng WHO-TEQ/g Carbonburned.
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laboratory tests.35 The highest PBDD/PBDF TEQ emission
factor, from burn pile 2 (BP2B), consisted of 95% of 1,2,3,4,7,8-
HpBDF, 2,3,4,7,8-PeBDF, 2,3,7,8-TBDF and 1,2,3,4,6,7,8-
HpBDF. The other elevated PBDD/PBDF emission factor
from burn pile number 4 (sample BP4B) consisted of 67% of
2,3,7,8-TBDF. A 10-fold decrease was found in the PBDD/
PBDF emission factor running the burn box in a continuous
batch-feed mode compare to running the burn box in a single-


charge mode. However, only one sample was collected in the
single-charge mode in which 82% of the emission factor
consisted of the 2,3,7,8-TBDD congener. The TEQ emission
factors for each PCDD/PCDF and PBDD/PBDF congener are
shown in SI Tables S4−S6.


PM2.5 and Metals. An ANOVA analysis of eight PM2.5


samples found a statistical difference in PM2.5 emission factors
between burn piles and the burn box (in batch-feed mode). A


Figure 5. Emission factors for PM2.5 sampled continuously.


Figure 6. Continuous sampling (20 s average) of CO2 and PM2.5 from burning of depot waste in a pile using the aerostat-based sampling method
(Burn No. 4).


Figure 7. Metal emission factors from PM2.5 by filter. *Included in EPA’s list of hazardous air pollutions.10 Numbers represent values. ND, not
detected.
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higher emission factor was found between the five municipal
and one depot waste tests; however, only one burn with depot
waste was conducted so this conclusion remains tentative.
(Figure 5). The burn pile emission factors were also shown to
increase with burn time (Table 3, Burn pile 4) as shown by
increased PM2.5 with decreased CO2 concentration with time
(Figure 6), likely due to increased smoldering. Running the
burn box in continuous batch-feed mode showed a lower
emission factor than in single-charge mode. Furthermore, the
emission factors in the continuous batch-feed mode decreased
with burn time (Table 3), which may be due to increased
combustion quality.
There was no distinction in metal emissions between burn


piles and the burn box (Figure 7). Lead, iron, and copper were
detected in all samples collected. Mercury was not detected in
any of the samples while chromium, arsenic, nickel, and
cadmium were detected in some of the samples (SI Table S7).
Lead emission factors (0.37 μg/g Carbonburned) were more then
10-fold lower than found in a Mexican municipal landfill burn
study (14 μg/g Carbon)37 and a simulated FOB waste
laboratory burn study (24 μg/g Carbon).35


Running the burn box in a continuous batch-feed mode
showed lower emission factors than burning waste in piles for
all compounds studied. PCDD/PCDF and PBDD/PBDF
emission factors were always lower in the burn box than the
burn piles. In general, smoldering conditions in the burn box
and the burn pile led to similar emissions. However, when the
burn box underwent periodic waste charging to maintain
sustained combustion, PM2.5, VOCs, and PAH emissions
dropped considerably compared to smoldering conditions and
the overall burn pile results. Running the burn box in a
continuous batch-feed mode reduced the PM2.5 and PAH
emissions with time.
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An aerostat-borne instrument and sampling method was developed to characterize air samples from area
sources, such as emissions from open burning. The 10 kg battery-powered instrument system, termed
‘‘the Flyer’’, is lofted with a helium-filled aerostat of 4 m nominal diameter and maneuvered by means
of one or two tethers. The Flyer can be configured variously for continuous CO2 monitoring, batch sam-
pling of semi-volatile organic compounds (SVOCs), volatile organic compounds (VOCs), black carbon,
metals, and PM by size. The samplers are controlled by a trigger circuit to avoid unnecessary dilution
from background sampling when not within the source plume. The aerostat/Flyer method was demon-
strated by sampling emissions from open burning (OB) and open detonation (OD) of military ordnance.
A carbon balance approach was used to derive emission factors that showed excellent agreement with
published values.


Published by Elsevier Ltd.

1. Introduction


Air sampling from open area sources can be used to determine
emission factors which allow calculation of source strength, atmo-
spheric pollutant loading, and, with dispersion modeling, down-
wind exposures to assess possible harm to human health and the
environment. Emission factors are significant for developing emis-
sion control strategies, permit applications, and for use in emission
inventories. Open area sources include sources such as industrial
plants, animal feed operations, and open burning. Typical sources
of open burning include landfill or dump fires, structural fires, agri-
cultural burns, and prescribed forest and grassland burns. Sam-
pling emissions from open burning sources is particularly
difficult due to the challenge of balancing the need for proximity
to the undiluted source with safety issues for personnel. Further-
more, flame or explosion conditions which preclude sampling until
onset of smoldering conditions may limit the representativeness of
the emission sample.


Various methodologies and instrumentation have been used for
open area sampling depending on the source characteristics and
target analytes. Varying meteorological conditions, such as wind
speed and direction may pose location challenges for ground-based

Ltd.


: +1 919 541 0554.
).

point samplers. In addition, although ground-based samplers are
often positioned on towers to improve their possibility for sam-
pling, higher plumes and wind shifts may result in insufficient
sample size to exceed detection limits. Optical remote sensing
methods using ‘‘line of sight’’ measurements offer the benefit of
path-integrated, rather than single point measurements. These
sample methods are also ground-based and may be limited by
their maneuverability as well as their applicability for some ana-
lytes, such as polycyclic aromatic hydrocarbons (PAHs). Aerial
sampling methods, with capabilities for vertical and horizontal
maneuverability, overcome concerns in sampling lofted plumes.
These methods can employ airplanes, helicopters, miniature re-
mote control helicopters, and unmanned airships/aerostats (Lund
and Starkey, 1990; Laursen et al., 1992; Frick and Hoppel, 1993;
Li et al., 1995; Imhoff et al., 1995; Fingas et al., 1996). While air-
planes and helicopters can carry heavy payloads, pilots are often
quite reticent to fly through combustion plumes due to visibility
and turbulence concerns. The use of airplanes and helicopters often
has high operating costs and, especially for airplanes, short times
in the near-source plume, limiting the amount of sample that
can be collected. Remote-controlled helicopters and airships/aero-
stats are slower, making it possible to achieve a long residence
time in the plume, minimizing concerns of limited sample size. Re-
motely-controlled helicopters are generally limited in payload
capacity and may not be suitable for use in turbulent or opaque
plumes. It has also been found that larger remote helicopters are
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more difficult to operate than smaller (Li et al., 1995), which has
the consequence of reduced payload weight. Tethered aerostats
can be used to address many of these limitations by providing
maneuverability, loft capacity, plume residence time, and safety.
Aerostat-lofted instruments have been used for emission sampling
with open detonation of military ordnance (Lindsay et al., 2000),
and in situ burning of crude oil at sea (Fingas et al., 1996; Aurell
and Gullett, 2010). Lindsay et al. (2000) sampled gas via summa
canister and particulate matter collection by filter. They had partial
success but experienced some difficulties with failure to trigger the
sampling instruments and damage to the sampling equipment.
Tethered blimp sampling of PAHs from oil burn plumes was con-
ducted by Fingas et al. (1996) but was of insufficient sampling vol-
ume (30 L) to reach detectable levels of the analyzed PAHs. Recent
advances in aerostat materials and miniaturization of samplers and
batteries have improved the possibilities for lofted sampling. Use
of continuous carbon dioxide (CO2) measurements with wireless
telemetry systems has allowed optimization sampler position to
achieve the highest plume concentration.


This paper describes the development and demonstration of a
method using an instrumented, tethered aerostat to characterize
air emissions from open area sources. The method was demon-
strated by sampling emissions from open burning (OB) and open
detonation (OD) plumes during disposal of military ordnance.
The resulting emission factors are used in dispersion models by
the military to ensure that the emissions are not adversely affect-
ing human and environmental health. The sampled emission fac-
tors were compared to literature values obtained from field
measurements.


2. Material and methods


2.1. The aerostat-borne sampling method


The sampling instruments were lofted by a 4.0 m � 3.1 m semi-
spherical, helium-filled, two layer aerostat (Kingfisher Model, Aer-
ial Products Inc., USA). The inner layer is made of polyurethane
with additional ultraviolet and hydrolysis inhibitors and the outer
layer consists of rip-stop nylon. The aerostat uses a tether attach-
ment over the whole sphere that results in tension around the
whole aerostat rather than at a single point of connection, thereby
eliminating concerns regarding tether breakage. The maximum loft
capacity is approximately 19 kg at sea level but was 11.8 kg at
1500 m elevation during this test study. The aerostat was tethered
and maneuvered by using two 300 m long, 2.5 mm diameter Spec-
tra lines (Cortland Cable Company, USA) attached to a pair of all-
terrain vehicles (ATVs) equipped with electrically powered
winches.
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Fig. 1. Schematic illustration of the sampling

The aerostat carries a lightweight instrument sampling package
termed ‘‘the Flyer’’, Fig. 1. The Flyer consists of multiple sampling
instruments which can be added or removed to match the source
pollutants or measurements of interest. In addition, the Flyer sam-
pling method can be optimized to the source characteristics to ef-
fect sampling onset, duration, and volume. The Flyer is comprised
of interchangeable instruments including total PM, PM10, PM2.5,
CO, CO2, semi-volatile organic compounds (SVOCs), such as PAHs
and polychlorinated dibenzodioxins and dibenzofurans (PCDDs/
PCDFs), black carbon, volatile organic compounds (VOCs), and
HCl. In addition, filter analysis can be done for PM-borne metals.
Additional measurements include temperature, humidity, GPS
coordinates, wind velocity, and altitude.


This paper will describe the Flyer performance while measuring
emissions from OB and OD. Sampling emissions from OB and OD of
military ordnance is challenging as safety considerations limit
source proximity. In addition, plume generation is very quick
(<15 s) and transport by winds past the relatively stationary Flyer
limits the available sampling time and, hence, the sample suffi-
ciency. In order to determine emission factors for the target com-
pounds of this test campaign, the Flyer was configured with a
continuous emission monitor (CEM) for CO2 measurements, a
Summa canister for sampling of benzene (a VOC), a polyurethane
foam/XAD-2/polyurethane foam (PUF) sorbent sampler for collec-
tion of PAHs, and a single stage PM10 impact sampler by filter
(Fig. 1). CEM data and flow rate were logged every second to an
on-board data acquisition system (HOBO U12-013, Onset Com-
puter Corporation, USA) which also measured temperature. Fur-
thermore, the Flyer also had a Geko 301 (Garmin, USA) global
position system (GPS) and a Lead Acid 12 V 5 Ah rechargeable bat-
tery (BatteriesPlus, USA) on board, all resulting in a total weight of
about 11 kg (Table 1), just below the 11.8 kg payload capacity at an
elevation of 1500 m.


The carbon mass balance approach was used to derive emission
factors, as is common for sources of open burning (Laursen et al.,
1992; Gullett et al., 2006). It was assumed that all the carbon from
the material burned was emitted to the atmosphere (Laursen et al.,
1992) and that the plume was completely mixed (i.e. the pollutants
and the carbon emitted were assumed to be proportionally distrib-
uted throughout the plume). Emission factors derived from the car-
bon mass balance have been shown to be in good agreement with
emission factors derived from direct mass loss measurement
methods (Gullett et al., 2006; Dhammapala et al., 2006). The major
carbon product has been shown to be CO2 in OB and OD combus-
tion plumes 99% and 97%, respectively (Johnson, 1992a). Other
minor carbon products were CO, CH4, total hydrocarbons, and par-
ticle-bound carbon. The relative concentration of the carbon spe-
cies and the power and weight cost of its measurement method
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Table 1
Sampling components.


Sampling component Manufacturer Analyte Range Sensitivity/
accuracy


Flow rate Power
requirement


Weight
(kg)


Dimensions


CEM – NDIR LI-COR
Biosciences,
USA


CO2 0–2000 ppm 1 ppm/
2.5% of
reading


<1 L min�1 12 V 1.0 22.2 � 15.3 � 7.6


6 L Summa canister VOC/benzene 2.95 33.0 � 20.3 � 20.3
Semi-volatile


sampler
Minijammer
blower


Amtek, USA PAH 25–
220 L min�1


±1 L min�1 220 L min�1 12 V 1.73 28.0 � 10.1 � 10.1


Glass
cartridge


TISCH
Scientific, USA


NA NA NA 7.6 � 7.6


PM, Leland Legacy
pump


SKC Inc., USA PM10 5–15 L min�1 /±5% of
set-point


10 L min�1 7.4 V Li-Ion 0.23 7 � 5 � 10


Atmospheric
pressure, Leland
Legacy pump


SKC Inc., USA Atmospheric
Pressure


/±0.3 Hg NA 7.4 V Li-Ion 1 20 � 10 � 7


GPS – Garmin Geko
301


Garmin, USA Altitude/
Location


�610–144 m 1 m/<15 m Update rate 1
reading/
second


2 � 1.5 V 0.096 4.8 � 9.9 � 2.4


Lead acid battery Battery Plus,
USA


NA NA NA NA 12 V 5 Ah 0.95 10.1 � 8.9 � 7.6


HOBO U12-013 Onset
Computer
Corporation,
USA


Temperature �20–70 �C 0.03 �C/
±0.35 �C


NA 3 Volt 0.046 5.8 � 7.4 � 2.2


Relative
humidity


5–95% 0.03%/±2.5% NA


Data logging 64 KB
memory


Time accuracy
±1 min per
month


Reading
every
second


Frame and
electronic parts


1.95 45.7 � 30.5 � 30.5
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has to be considered with the overall data quality objectives when
making a decision as to which carbon species should measured.
This work assumed complete oxidation of the carbon in the ord-
nance such that all of the carbon was emitted to the atmosphere
as CO2 or as particulate carbon.


2.2. Emission sampling and analysis methods


Successful sampling, in which the target analyte exceeds the
method detection limit, is predicated upon sufficient plume con-
centration and duration, as well as instrument performance and
analytical constraints. Analytical instruments need to be light-
weight, portable, and rugged with a short response time and low
limits of detection. The sampling duration required for each target
analyte to exceed the method detection limits was estimated using
the volumetric sampling rate, analytical detection limits, published
emission factors, and the predictive open burn/open detonation
dispersion model (OBODM) (Bjorklund et al., 1998). Due to the
short sampling duration available for each burn and detonation,
composite samples for both SVOCs and PM10 were created by reus-
ing their respective sampling media during multiple events. Two
SVOC composite samples were collected for both OB and OD. In
addition, one and two PM10 samples were collected for the burn
and detonation tests, respectively.


Continuous measurements of CO2 were performed using a LI-
820 (LI-COR Biosciences, USA) non-dispersive infrared (NDIR)-
based CEM, using a 14 cm optical bench with an analytical range
of 0–2000 ppm with an accuracy specification of less than 2.5% of
reading. The LI-820 was equipped with a programmable alarm out-
put (trigger circuit), which turned on the semi-volatile blower and
the PM10 pump, and opened the solenoid valve on the summa can-
ister. This trigger circuit was programmed to turn on at a CO2 con-
centration of 410 ppm for the OB tests and 400 ppm for the OD
tests, which was about 30–20 ppm above the ambient levels
(390 ppm) of CO2 at the test site. The LI-820 voltage equivalent

CO2 concentration was recorded on the HOBO external data logger.
The LI-820 and the HOBO were calibrated for CO2 on a daily basis
according to US EPA Method 3A (2008).


Summa canisters (6 L capacity) with an electronic solenoid
valve sampling system were used for collection of benzene via
US EPA Method TO-15 (1999). The electronic solenoid valve sam-
pling system was opened and closed by the CO2 concentration trig-
ger circuit. The valve was followed by a frit filter in the stem of the
summa canister. Canister fill times of 120–180 s were observed
during pre-tests. The VOCs were analyzed using US EPA Method
TO-15 (1999) using selective ion monitoring (SIM) mode gas chro-
matograph-low resolution mass spectrometer (GC/LRMS). Each
Summa canister sample was also analyzed for CO2 by GC, utilizing
US EPA Method 25C using a GC-flame ionization detector (FID).


SVOCs were sampled via US EPA Method TO-13 (1999) using a
PUF/XAD-2/PUF sorbent. The pre-cleaned XAD-sorbent (SUPELCO,
USA) was further cleaned by solvent extraction with dichlorometh-
ane and dried with flowing helium to minimize contamination of
the media with the target analytes. The pre-sampling tests of the
XAD sorbent showed contamination of naphthalene (3.2 ng g�1


XAD), fluorine (0.65 ng g�1 XAD), phenanthrene (55 ng g�1 XAD),
anthracene (0.65 ng g�1 XAD), fluoranthene (0.65 ng g�1 XAD),
and pyrene (0.70 ng g�1 XAD) despite these extra solvent extrac-
tions. The XAD-2 resin was prespiked with naphthalene-d8, ace-
naphthene-d10, phenanthrene-d10, chrysene-d12, and perylene-
d12, allowing PAH emission factors other than naphthalene to be
quantitated. The PUF/XAD-2/PUF sorbent was mounted in a glass
cartridge (TISCH Scientific, USA) and inserted in a cartridge holder
mounted on a MINIjammer brushless direct current blower (AME-
TEK Inc., USA). SVOC sampling was performed with a nominal sam-
pling rate of 0.22 m3 min�1. The blower was controlled by the CEM
CO2 trigger circuit. Flow rate was measured by a 0–622 Pa pressure
differential transducer (Setra, Model 265, USA) across a Herschel
Standard Venturi tube. The Venturi tube was specially designed
to meet the desired sampling rate in this sampling campaign and
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had a throat and upstream diameter of 9.6 and 18 mm, respec-
tively. The Venturi tube was mounted on the outlet of the MINI-
jammer blower. The voltage equivalent to this pressure
differential was recorded on the HOBO external event logger,
which was calibrated with a Roots meter (Model 5M, Dresser Mea-
surement, USA). The Flyer had battery capacity for about 1 h of
SVOC sampling. The samples were cleaned up according to US
EPA Method TO-13 (1999) and analyzed using GC/LRMS. Trip and
field blanks were collected and analyzed. The flow rate was cor-
rected to standard conditions 21.1 �C and 1013.25 hPa.


The two last target compounds were PM10 and lead (Pb) which
were sampled using a 47 mm tared Teflon filter with a pore size of
2.0 lm via a Leland Legacy Sample pump (SKC Inc., USA) with a
constant airflow of 10 L min�1. The pump was controlled by the
CEM CO2 trigger circuit. The Leland Legacy Sample pump was cal-
ibrated with a Gilibrator Air Flow Calibration System (Sensidyne
LP, USA). PM10 was measured gravimetrically and followed the
procedures described in 40 CFR Part 50 (1987). The particulate
matter collected on Teflon filters was also used to determine the
Pb concentration from the OB, analyzed by energy dispersive X-
ray fluorescence spectrometry (ED-XRF) according to US EPA Com-
pendium Method IO-3.3 (1999).


2.3. Testing and sampling procedures: Open burning


The open burns were conducted by sequentially igniting 45 kg
of M1 propellant (Johnson, 1992b) in each of six iron pans on a
concrete burn pad (�20 m � 25 m). The aerostat/Flyer was prepo-
sitioned downwind of the burn site using two tethers, each spooled
on an ATV-mounted winch, Fig. 2. The combination of two ATVs
and two tethers positioned the aerostat/Flyer at a specific down-
wind location and height, typically 20–60 m. The ATVs, as well as
all personnel, were located outside the 64 m safety stand-off dis-
tance for humans. When necessary and possible, the aerostat was
maneuvered into the thicker parts of the plume by reeling in the
tether or by manually running the tethers down, as guided by vi-
sual observations.


2.4. Testing and sampling procedures: Open detonations


The open detonation test range consisted of a gravel/sand area
(�100 m � 100 m) upon which the wooden crates of explosives
were placed. The charge sizes of the TNT detonations were either
23 kg or 45 kg. Detonations were initiated with a 1 kg block of
C4. Based on several pre-sampling detonations it was estimated
that the hazardous shrapnel zones for the ATVs and the aerostat

ATV


Winch


Tether line


Aerostat with the 
Flyer


ATV


Winch


Tether line


Aerostat with the 
Flyer


Fig. 2. Schematic illustration of the aerostat-borne plume sampling method, not to
scale.

were within approximately 90 m from the detonation. The shock-
wave created from the detonation was observed to have only min-
or movement effects, if any, on the aerostat. The aerostat and Flyer
were pre-positioned downwind of the detonation site at a height of
about 30–70 m above ground level. The two ATVs and their tether
winches were located inside the 464 m safety stand-off distance
for humans. All personnel were located outside of the safety
stand-off distance and behind a protective wall.

3. Calculations


The CEM and Summa canister CO2 data were used to calculate
the carbon concentration associated with the co-sampled target
analyte, permitting conversion of the pollutant concentration to
emission factors by the carbon mass balance method (mass of pol-
lutant per mass of carbon in the material burned). Fig. 3 shows the
cumulative carbon content sampled (0.38 g) for one SVOC sample
based on the CO2 CEM concentration (corrected for background
CO2) versus sampling time for multiple burns (22). Emission fac-
tors were calculated according to:


Emission Factor ¼ mfc �
Pollutant


C


where the Emission Factor is in g g�1 net explosive weight (NEW),
mfc is the mass fraction of carbon in the material burned (37%
and 33% in the TNT flakes and M1 propellant, respectively), Pollutant
is the background-corrected mass in lg analyte of the pollutant col-
lected, C is the background-corrected mass of carbon collected in lg
carbon. The PUF/XAD/PUF-derived emissions and emission factors
were calculated with corrections for ambient air background levels
as well as for contamination of the sorbent media itself by the target
analyte. Emission factors were calculated using both Summa canis-
ters values for CO2 (for benzene) and the CEM CO2 values (for PAH,
PM10 and Pb).

4. Results and discussion


4.1. Ambient air and plume concentrations


The Flyer/aerostat successfully sampled emissions in 85% of 66
open burns and 76% of 37 open detonations, as determined by the
number of times that the CO2 concentration exceeded the trigger
point of 410 ppm (OB) and 400 ppm (OD). Unsuccessful sampling
was due to wind shifts or variation in the plume path resulting in
the Flyer missing the plume. Fig. 4 shows the CO2 trace of six OBs
as well as the CO2 triggering function turning on and off the semi-
volatile sampler at the trigger point of 410 ppm. The CO2 ambient
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Fig. 3. Background-corrected cumulative carbon content sampled from 22 open
burns of M1 propellant.
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Fig. 4. Typical CO2 trace through six OB plumes. Showing the CO2 triggering function turning on and off the semi-volatile sampler at the trigger point 410 ppm.
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air concentrations were measured as 390 ppm. The average delta
CO2 concentration over ambient was approximately 420 and
125 ppm for OB and OD, respectively. The ambient air concentra-
tions and background corrected plume concentrations of PAH, ben-
zene, PM, and Pb are shown in Table 2. The average background-
corrected naphthalene concentrations in the OB and OD plumes
were 0.068 and 1.6 lg m�3, respectively, which are greater than
fourfold higher than the ambient air background values (Table 2).
PAH species other than naphthalene were primarily detected for
the OD events. The contaminant-corrected concentration of target
analytes in each of PUF/XAD/PUF sorbents after OB, OD, and ambient
air sampling was over three times higher than the media contamina-
tion level. All surrogate standard recoveries for analyses of CO2 from
summa canisters were between 102% and 115%, which was within
the standard method criteria (94% and 137%).

4.2. Emission factors


4.2.1. PAH
Table 2 lists this project’s emission factors alongside those from


previous field (Johnson, 1992b) sampling of M1 propellant and

Table 2
Plume concentration and emission factors derived from this study (Flyer) and previous op


Compound OB


Plume
concentration


Emission factor


Flyer (lg m�3) Flyer (g g�1


NEW)
Existing (g g�1


NEW)


Naphthalene 0.068 8.5E�08 1.9 E�08
Acenaphthylene 0.0080 9.7E�09 ND
Acenapthene BDL BDL ND
Fluorene 0.0057 7.4E�09 ND
Phenanthrene BDL BDL ND
Anthracene BDL BDL ND
Fluoranthene BDL BDL ND
Pyrene BDL BDL ND
Benzo(a)anthracene BDL BDL ND
Chrysene BDL BDL ND
Benzo(b)fluoranthene BDL BDL ND
Benzo(k)fluoranthene BDL BDL ND
Benzo(a)pyrene BDL BDL ND
Indeno(1,2,3-


cd)pyrene
BDL BDL ND


Debenz(a,h)anthracene BDL BDL ND
Benzo(ghi)perylene BDL BDL ND
Benzene 5.1 4.7E�06 4.8E�06
PM10


a 5900 5.7E�03 6.9E�03
Leadb 3700 4.3E�03 BDL


A ND – no data. BDL – below detection limit, either never detected or if detected never
gram per gram net explosive weight.


a Method reporting limit for PM10 was 1 lg filter�1 and all PM10 results were above 5
b Method reporting limit for lead was 0.00014 lg m�3.
c Emission factor from laboratory scale (BangBox) (Mitchell and Suggs, 1998).

TNT. The sampled PAH values are within factors of 2.5–4.5 of the
published value. These differences may be due to variation in the
OB and OD process or in the sampling methods used. The published
values were based solely on a PAH analysis of the filter catch,
which may result in significant loss of lighter semi-volatile com-
pounds such as naphthalene (US EPA Method TO-13, 1999). In this
study we used XAD-2 resin as the primary sorbent media of semi-
volatile compounds to minimize compound loss, an approach con-
firmed by good recoveries for isotopically-labeled presampling
standards on the XAD-2 sorbent. The relative percent difference
of 48% and 31% for OB and OD samples respectively implies a good
method reproducibility. All surrogate standard recoveries for the
PAHs were between 59% and 112%, which was within the standard
method criteria (25% and 130%).

4.2.2. Benzene
The sampled benzene emission factor value for OB agrees very


well with the published emission factor value (Table 2). The coef-
ficient of variance was 54% indicating a good reproducibility for the
method. For OD, the sampled benzene emission factor value is
about two times higher than the existing data, but this is within

en test range sampling (existing) (Johnson, 1992b) of M1 propellant and TNT.A


OD Ambient air
background


Plume
concentration


Emission factor


Flyer (lg m�3) Flyer (g g�1


NEW)
Existing (g g�1


NEW)
Flyer (lg m�3)


1.6 8.1 E�06 3.2 E�06 0.014
0.093 4.5E�07 ND 0.00080
BDL BDL ND BDL
0.054 2.7E�07 ND BDL
0.19 8.9E�07 BDL BDL
BDL BDL ND BDL
0.084 4.2E�07 ND 0.00093
0.12 5.8E�07 2.2E�07 0.0016
0.014 7.3E�08 8.7E�08 0.0014
0.016 8.0E�08 ND 0.0034
0.016 6.8E�08 ND 0.0053
0.014 6.0E�08 ND 0.0029
0.016 7.1E�08 ND 0.0026
0.0078 3.4E�08 ND 0.0026


BDL BDL ND BDL
0.024 1.1E�07 ND 0.0031
6.3 2.2E�04 9.6E�05 0.46
37,000 0.13 7.3E�02c 124
NS NS NS ND


detected above the background/contamination level. NS – not sampled. g g�1 NEW –


0 lg filter�1.
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the expected variation, given the limited number of trials con-
ducted. The published emission factor was derived from 35 sam-
ples while the emission factor in this study was calculated from
only one OD Summa canister sample. All surrogate standard recov-
eries for this project were between 82% and 127%, which was with-
in the standard method criteria (70% and 130%).


4.2.3. PM10 and Pb
Emission factors for PM10 and Pb are also listed in Table 2. The


PM10 value from OB was in good agreement with the published va-
lue. No emission factor for PM10 from open test range of OD of TNT
exists. The derived emission factor for PM10 in this study was
therefore compared to a value determined in a laboratory-scaled
‘‘BangBox’’ (Mitchell and Suggs, 1998). The emission factor in this
study was �2 times higher than the published BangBox emission
factor, this higher value is possibly due to the differences in the
detonation surface, concrete versus soil. This study derived a
first-ever emission factor for Pb from OB of M1 propellant (Table 2),
which has not yet been accomplished. In addition, the relative per-
cent difference was 54% which puts the literature value within the
range of the derived EF. This emission factor, and the other derived
emission factors in this study, confirms a great sampling potential
for a wide range of analytes by this aerostat-borne sampling
method.


5. Conclusions


An aerostat/Flyer successfully sampled an elevated plume for a
variety of pollutants from open burning and open detonation of
military ordnance. The system achieved a high plume sampling
success of 85% and 76% from OB and OD plumes, respectively. In
addition, the Flyer achieved these high success rates in both low
and high winds due to quick maneuverability and high mobility
of the aerostat using adjustable tethers mounted on ATVs. The
CO2 trigger initiated sampling instruments on the Flyer allowing
for successful determination of emission factors for a wide range
of target emissions: PAHs (SVOC), benzene (VOC), PM10 (particu-
late matter) and Pb (metal). Further, these emission factors were
in good agreement with the few published data available using dif-
ferent sampling approaches and comparable ordnance. Improve-
ments in instrumentation and aerostat flight operations are
under consideration or in-process. These include different Summa
canister valves, in-flight transmission of CO2 and video data, re-
mote control of Flyer position via radio-controlled tether winches,
powered tethers, and use of light Li-ion batteries.


Acknowledgments


This work was funded in part by the Strategic Environmental
Research and Development Program (SERDP) under a project co-
led by Byung Kim and Michael Kemme of the US Army Corps of
Engineers. This research was performed while Johanna Aurell held
a National Research Council Research Associateship Award at Na-
tional Risk Management Research Laboratory, US EPA. Aerostat
field crew support by Brad Campbell (ISSI, Inc), Donnie Gillis, and
Steve Terll (Arcadis-US, Inc.) and field assistance by Roger Hale,
Darwin Jones, and Cody Spencer (Tooele Army Depot, Test Range)
is much appreciated. The authors acknowledge special expertise
provided by Bill Squire (US EPA/ORD/NRMRL), Mike Tufts (Arca-

dis-US, Inc.), and Kevin Hess (Aerial Products, FL). Technical advis-
ors included Ryan Williams and Tyrone Nordquist, US Army
Defense Ammunition Center (DAC); Randy Cramer, Naval Ord-
nance Safety and Security Activity; Eric Erickson, Naval Air Warfare
Center-Weapons Division, China Lake; Tony Livingston, Joint Muni-
tions Command; Bill Mitchell of Mitchell and Associates; George
Thomson, Chemical Compliance System, Inc.


References


40 CFR Part 50, 1987. Appendix J. Reference Method for the Determination of
Particulate Matter as PM10 in the Atmosphere. 52 FR 24664, July 1, 1987; 52 FR
29467.


Aurell, J., Gullett, B.K., 2010. Aerostat sampling of PCDD/PCDF emissions from the
Gulf oil spill in situ burns. Environ. Sci. Technol. 44, 9431–9437.


Bjorklund, J., Bowers, J., Dodd, G., White, J., 1998. Open Burning/Open Detonation
(OBODM) User’s Guide. Volume II. Technical Description. DPG Document No.
DPG-TR-96-008b, US Army Dugway Proving Ground, Dugway, UT. <http://
www.epa.gov/ttn/scram/userg/nonepa/obodmvol2.pdf> (accessed Mars 08.11).


Dhammapala, R., Claiborn, C., Corkill, J., Gullett, B., 2006. Particulate emissions from
wheat and Kentucky bluegrass stubble burning in eastern Washington and
northern Idaho. Atmos. Environ. 40, 1007–1015.


Fingas, M., Li, K., Ackerman, F., Campagna, P., Turpin, R., Getty, S., Soleki, M.,
Trespalacios, M., Wang, Z., Paré, J., Bélanger, J., Bissonnette, M., Mullin, J.,
Tennyson, E., 1996. Emissions from mesoscale in situ oil fires: the mobile 1991
experiments. Spill Sci. Technol. Bull. 3 (3), 123–137.


Frick, G.M., Hoppel, W.A., 1993. Airship measurements of aerosol-size distributions,
cloud droplet spectra, and trace gas concentrations in the marine-boundary-
layer. Bull. Am. Meteorol. Soc. 74 (11), 2195–2202.


Gullett, B.K., Touati, A., Huwe, J., Hakk, H., 2006. PCDD and PCDF Emissions from
simulated sugarcane field burning. Environ. Sci. Technol. 40, 6228–6234.


Imhoff, R.E., Valente, R., Meagher, J.F., 1995. The production of O3 in an urban
plume: airborne sampling of the Atlanta urban plume. Atmos. Environ. 29,
2349–2358.


Johnson, M., 1992a. Development of Methodology and Technology for Identifying
and Quantifying Emission Products from Open Burning and Open Detonation
Thermal Treatment Methods. Bangbox Test Series, Volume. 1 Test Summary –
Final Report. US Army Armament, Munitions and Chemical Command Report
No. AD-A250733.


Johnson, M., 1992b. Development of Methodology and Technology for Identifying
and Quantifying Emission Products from Open Burning and Open Detonation
Thermal Treatment Methods. Field Test Series A, B, and C, Volume 1 Test
Summary – Final report. US Army Armament, Munitions and Chemical
Command Report No. AD-A250735.


Laursen, K.K., Ferek, R., Hobbs, P., Rasmussen, R.A., 1992. Emission factors for
particles, elemental carbon, and trace gases from the Kuwait oil fires. J.
Geophys. Res. 97 (D13), 14491–14497.


Li, K., Dainty, E., Fingas, M.F., Belanger, J.M.R., Pare, J.R.J., 1995. Remote controlled
helicopters: a tool for air sampling in difficult situations. J. Hazard. Mater. 43,
117–127.


Lindsay, M.L., McMorris, R., Baroody, E.E., Watkins, J.W., Olsen, T., 2000. Use of
Blimps to Collect in-situ Reaction Products from Detonation Plumes. US Naval
Surface Warfare Center, Indian Head, MD.


Lund, W.W., Starkey, R., 1990. Applications of miniature remotely guided aircraft to
monitoring ans sampling atmospheric pollutants and toxic/hazardous
materials. Journal of Air Waste Management Association 40 (6), 896–897.


Mitchell, J., Suggs, J.C., 1998. Emission Factors for the Disposal of Energetic Materials
by Open Burning and Open Detonation (OB/OD). EPA/600/R-98/103.


US EPA Compendium Method IO-3.3, 1999. Determination of Metals in Ambient
Particulate Matter Using X-Ray Fluorescence (XRF) Spectroscopy.


US EPA Compendium Method TO-13A, 1999. Determination of Polycyclic Aromatic
Hydrocarbons (PAHs) in Ambient Air Using Gas Chromatographic/Mass
Spectrometry (GC/MS), second ed.


US EPA Compendium Method TO-15, 1999. Determination of Volatile Organic
Compounds (VOCs) in Air collected in Specially-Prepared Canisters and
Analyzed by Gas Chromatography/Mass Spectrometry (GC/MS), second ed.


US EPA Method 25C, xxxx. Determination of Nonmethane Organic Compounds
(NMOC) in Landfill Gases, US Environmental Protection Agency. <http://
www.epa.gov/ttn/emc/promgate/m-25c.pdf> (accessed Mars 08.11).


US EPA Method 3A, 2008. Determination of Oxygen and Carbon Dioxide
Concentrations in Emissions from Stationary Sources (Instrumental Analyzer
Procedure), 11/6/2008, US Environmental Protection Agency. <http://
www.epa.gov/ttnemc01/methods/method3a.html> (accessed Mars 08.11).



http://www.epa.gov/ttn/scram/userg/nonepa/obodmvol2.pdf

http://www.epa.gov/ttn/scram/userg/nonepa/obodmvol2.pdf

http://www.epa.gov/ttn/emc/promgate/m-25c.pdf

http://www.epa.gov/ttn/emc/promgate/m-25c.pdf

http://www.epa.gov/ttnemc01/methods/method3a.html

http://www.epa.gov/ttnemc01/methods/method3a.html



		Aerostat-lofted instrument and sampling method for determination  of emissions from open area sources

		1 Introduction

		2 Material and methods

		2.1 The aerostat-borne sampling method

		2.2 Emission sampling and analysis methods

		2.3 Testing and sampling procedures: Open burning

		2.4 Testing and sampling procedures: Open detonations



		3 Calculations

		4 Results and discussion

		4.1 Ambient air and plume concentrations

		4.2 Emission factors

		4.2.1 PAH

		4.2.2 Benzene

		4.2.3 PM10 and Pb





		5 Conclusions

		Acknowledgments

		References







research papers Mr. Gullett has published on the subject matter.

4. I have spoken with our air modeling group at DEQ regarding the models currently
in use for OB/OD units. Previously the Open Burn-Open Detonation Model (ODODM)
was used in the risk assessment of the open burning grounds. This model and the
science behind it have not substantially changed since the previous risk assessment
and the OBODM should be used in the current risk assessment. The modeling group
did suggest that if your facility participates in the EPA study to monitor emissions from
the open burning ground to use those emission factors developed from the monitoring
as the input for the OBODM. For the previous risk assessment the modeling used
monitored emissions from a bang box for small caliber ammunition. As these are not
quite comparable to the open burning grounds it is highly suggested the emissions be
directly monitored and these values be input into the model to ensure the most accurate
results.

Please let me know if you have any additional questions. I can be reached using the
contact information in my signature line and I maintain regular office hours Monday
through Friday.

Thanks,

Ashby

Ashby R. Scott
Title V Coordinator

Department of Environmental Quality

629 East Main Street

Richmond, VA 23218
Phone: 804-698-4467
Fax: 804-698-4234
Ashby.Scott@deq.virginia.gov

www.deq.virginia.gov



Archived: Thursday, March 12, 2015 10:48:45 AM
From: Davie, Robert N III CIV (US)
Sent: Thursday, December 18, 2014 12:40:22 PM
To: Scott, Ashby (DEQ)
Cc: Romanchik, Leslie (DEQ); Williams, Justin (DEQ); Regn, Ann (DEQ); Jennings, Ross B
CIV (US); Saks, Charles E Jr CIV USARMY JMC (US); Diioia, Leonard L Jr CIV (US)
Subject: RE: Contact Information for Aerojet
Importance: Normal
Digitally Signed: Yes

___________________________________
Ashby,

It was good to meet you as well and thanks for the info. I'll pass it along
to the right folks so they can make contact.

Enjoy your holidays!

Rob

-----Original Message-----
From: Scott, Ashby (DEQ) [mailto:Ashby.Scott@deq.virginia.gov]
Sent: Thursday, December 11, 2014 2:49 PM
To: Davie, Robert N III CIV (US)
Cc: Romanchik, Leslie (DEQ); Williams, Justin (DEQ); Regn, Ann (DEQ)
Subject: Contact Information for Aerojet

Rob,

It was good to meet you during our site visit, below is the contact
information for the environmental manager at the Aerojet facility which has
started shipping their previously open burned hazardous waste offsite to be
treated:

Tim Holden

Environmental and Safety Manager

Aerojet - Virginia Operations

540-854-2037

tim.holden@aerojet.com

Please let me know if you need any additional information.

Thanks,

Ashby
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mailto:Ashby.Scott@deq.virginia.gov
mailto:Leslie.Romanchik@deq.virginia.gov
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mailto:ross.b.jennings.civ@mail.mil
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mailto:charles.e.saks3.civ@mail.mil
mailto:leonard.l.diioia.civ@mail.mil
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